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ABSTRACT 
The bal sam wool ly  aphi d (Adel ges pi ceae ( Ratz . ) )  has wi thi n the 
l ast decade become a seri ous pest on Fraser fi r (Abi es fraseri ( Pursh . )  
Pa i r . ) i n  the Great Smoky Mounta i ns Nat i onal  Park , caus i ng concern for 
the scen i c  and sci enti f ic  resources of the spruce-fi r forests . I n  order 
to determi ne and ant i c i pate the nature and i mpact of the bal sam woo l ly  
aph i d  i n  thi s area , a research project was des i gned to i nvesti gate some 
of the rel evant b i ot i c factors . 
Object i ves of th i s  study were : (1) to determ i ne rel at i onsh ips  
between l evel s of  i nfestat ion , as i ndi cated by aphi d popu l at ion and damage 
on i nd i v i dual trees , and the respecti ve s i ze ,  crown pos i t i on , age , growth 
rate , and bark  characteri st ics of these trees ,  and (2) to determi ne re­
l at i onsh i ps between l evel s of i nfestati on and sel ected s i te character­
i st i cs i nc l udi ng s l ope , e l evati on , aspect , and ground vegetation . 
Permanent p l ots were l ocated throughout the Park i n  areas of 
varyi ng l evel s of i nfestat i on , as  determi ned from aer i a l  photographs . 
Data were col l ected on i ndi v i dual trees and s i tes duri ng the summer of 
1976. 
I ndi v i dual  tree characteri sti cs were important i n  determi n i ng 
l evel s of aph i d  popul ation on a tree and the amount of damage susta i ned . 
The most  s i gn i fi cant characteri sti c was tree s i ze :  l arge trees supported 
the heavi est popu l at ions  whi l e  the smal l est  trees susta i ned more severe 
and/or rap i d  damage . 
i i i  
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I. I NTRODUCTION AND REVI EW OF L ITERATURE 
The ba l sam woo l ly  aphid (Adel ges p i ceae ( Ratz. )} has become a 
serious pest on Fra ser f i r  (Ab i es fraseri ( Pursh . )  Poi r. ) i n  the Southern 
Appal achi ans , i ncl udi ng the Great Smoky Mountai ns Nati onal Park wi thi n 
the l ast  decade. Fraser fi r i s  a major component of the spruce-fi r for­
est type , whi ch i s  l imi ted i n  thi s reg i on to mountai n peaks above 4 , 500 
feet el evat i on ; severe damage to these trees i s  a l teri ng the scen i c  and 
s c i ent i fi c  resources of the area and threatens the very exi stence of the 
Fraser fi r. 
I n  order to determi ne and ant i c ipate the impact of the bal sam 
wool l y  aphi d , patterns of i nfestat ion must  be exami ned . An understand­
i ng of why and how i ndi vidual trees and stands di ffer i n  su sceptabi l i ty 
and severi ty of attack i s  pre l imi nary to damage forecasti ng and prevent­
i ve control , and wi l l  be useful i n  resource management p l ann i ng .  I f  
l eve l s of i nfestat i on and damage are equal  on a l l trees , then morta l i ty 
wi l l  probably progress  even l y  as  the i nsect becomes more wi del y  di spersed ; 
i f  d i fferences i n  s i te and/or i ndi v idual  tree c haracteri st ics  are assoc i ­
ated wi th di fferent l evel s of i nfestation and damage , then a more stag­
gered or cycl i c  pattern may be expected . 
An eval uat i on of some of the b iot i c factors rel evant to the ba l sam 
woo l ly  aphid i nfes tat ion of Fraser fi r i n  the Great Smoky Mounta i ns 
Nat i ona l  Park was des igned to i ncl ude the fol l owi ng obj ecti ves : ( 1 ) to 
determ i ne relati on s hips  between l evel s of i nfestati on , as i ndi cated by 
aphid popul ati on and damage on i nd i v idual trees , and the respecti ve s i ze ,  
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crown pos i t i on , age , growth rate , and bark characteri st i cs of these trees , 
and (2) to determi ne rel at ionsh i ps between l eve l s of i nfestation and 
sel ected s i te characteristi cs i nc l ud i ng s l ope , e l evat ion , aspect , and 
ground vegetat ion . 
Because thi s research project was made poss i bl e i n  part by a grant 
from the National Park Serv i ce ,  the study area was confi ned to sel ected 
port i ons  of the spruce-fi r forests wi thi n the Great Smoky Mountai ns 
Nati onal  Par k .  F ie l d work was done duri ng the summer of  '1976. 
A .  REVIEW OF BALSAM WOOLLY APH ID BIOLOGY 
Hi story and Di str i buti on of the Bal sam Woo l ly  Aph id 
Adelges p i ceae bel ongs  to the i nsect order Homoptera (Hemiptera ) ,  
fami l y  PhYl l oxeridae (Chermi dae , P sy l l i dae , or J ump i ng p l ant-l i ce ) , super­
fami ly  Aph i doidea and sub-fami ly  Adelgi nae . The ade lg i d s  i nfest on l y  
con i fers . Of the e l even spec ies  known to attack the true fi rs (Abi es ) .  
a l l a re hol arct i c  i n  ori g i n  and they appear to have evol ved i nto an  eco­
l og i ca l  bal ance wi th  the i r  native hosts , becomi ng probl emat i c  only when 
they are i ntroduced outs i de thei r natura l ranges . 
Adel ges p i ceae ori g i nated i n  Europe , probably  as a deri vati ve of 
the c l osely rel ated A .  nuss l i n i  (Borner ) ,  where it  was a rel at i ve ly  
i nnocuous pest on  European s i l ver  fi r {Ab i es a l ba (L . ) Mi l l ) . I ts h i s­
tory on the North Ameri can conti nent is s im i l ar to that of several other 
d i sasterous p l ant pests: i ntroduced acc i dental l y  on nursery stock , the 
woo l l y  aphid thri ved and spread so rap i d ly  that i t  was a l ready wel l  
establ i shed on bal sam fi r (Abi es bal samea ( L . ) Mi l l )  i n  Mai ne and Mari ­
time Canada before offi ci a l  i dent i fi cat ion was made i n  1908. Damage to 
thi s commerc i a l l y  important fi r has been extens i ve and occas i onal ly  
severe a l l over the  northeast .  
A separate i ntroduction from Europe put  the woo l ly  aphi d i nto t he 
Western Un i ted States , where i t  f i rst appeared around 1 930 on nob l e  fi r 
(Abi es procera Rehd . ) and grand f i r  (Abi es grandi s ( Doug l . ) L i ndl . ) near 
San Franc i sco . Damage i s  now widespread over the Paci fi c Northwest on 
Pac i fi c  s i l ver fi r (Ab i es amabi l i s ( Dougl . ) Forbes ) and suba l p i ne fi r 
(Abies  l as i ocarpa ( Hook . )  Nutt . ) . (See Appendi x ,  Tabl e  2 )  The l a st fi r 
reg i on to become i�fested was the Southern Appal achian  mounta i n s .  I n  
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1 957 the bal sam woo l l y  aph i d  was identi fi ed on Fraser fi r on Mt . Mi tchel l ,  
North Caro l i na ,  and soon spread south to Mt . Sterl i ng and i nto the Great 
Smo ky Mountai ns Nati onal  Park . ( See F igure 1 )  At present ,  Mt . Rogers i n  
V i rg i n i a  i s  the on l y  major area of host type that i s  un i nfested . 
L i fe Cycl e  and Morp ho l og i ca l  Deve l opment 
The Ade l g i nae subfami l y  i s  pa rt icul arly  noted for an unusual l y  
comp l ex l i fe cyc l e ,  frequently i nc l udi ng a l ternat ion o f  hosts . As an 
impress i ve examp l e  of the evo l uti onary fl exib i l i ty of these i nsects , 
Adelges pi ceae probab ly  evo l ved as an asexual  form of A. nus s l i n i  i n  the 
Caucasus wi th P i cea ori enta l i s  as the primary host . I t  t hen l ost i ts 
capaci ty for asexual reproducti on on al ternate hosts when i t  was moved to 
Europe .  
Adelges pi ceae i s  an exu l e  form capabl e of maturi ng and reproduc­
i ng parthenogenet i ca l l y ,,thus mai nta i n i ng i ts popu l ation so l e ly  on the 
secondary host . The functi onal  l i fe cyc l e  of the bal sam wool ly  aph i d  
cons i sts of  an egg stage , three l arval i nstars and the adu l t :  
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Figure l. Bark characteristics. 
A. Balsam woolly aphids congregating about bark irregularities. 
B. Example of trunk with smooth bark and no epiphytes. 
C. Example of very rough bark. 
D. Example of heavy epiphyte cover. 
( 1 ) Eggs l a i d  by the stati onary adu l t  are attached to the bark 
by a s i l ken thread . In i ti a l ly  l i ght amber-col ored , the egg becomes 
orange-brown as  the embryo devel ops . The i ncubat i on peri od i s  about 12 
days , but vari es greatly wi th envi ronmental cond i ti ons . Young l arvae 
emerge head f i rst from the end oppos i te the thread attachment ,  l eavi ng 
the empty shel l beh i nd .  
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(2) Moti l e  l arvae or "crawl ers" are l i ght purpl e i n  col or wi th a 
f l attened , oval body between . 35mm . and . 47mm . l ong . Thi s i s  the f i rst 
i ns ta r ,  or  neos i stens stage . After i nsert ing  the styl et ( a  s l ender ,  
thread- l i ke mouthpart u sed for feed i ng )  i n to the host , the i nsect be­
comes dark purp l e-bl ack  wi th a fri nge of whi te waxy threads , and the 
l egs and antennae beg i n  to atrophy . A dormant period of vari ab l e  l ength 
occurs before the first mou l t .  When thi s d i apause occurs duri ng the 
wi nter the neos i stens i s  known as "heimos i stens ," whi l e  the correspond ­
i ng p hase of summer generations  i s  cal l ed an "aesti vos i stens ."  The 
hei mos i stens beg i ns  to feed when the sap ri ses i n  spri ng , whi l e  the 
aesti vos i stens i s  dormant for three to eight weeks . The i n sects rema i n  
s tat i onary duri ng the fol l owi ng three l arva l mou l ts .  
( 3 )  T he second i nstar devel ops after the f i rst  mou l t ;  i t  has a 
l onger ( . 45mm. to . 55mm . ) and more broad body than the f i rst  i n sta r ,  
wi th  l onger , curl i ng waxy threads . 
( 4 )  The thi rd i nstar i s  s imi l ar to the second , except that i t  i s  
.60mm .  to .86mm . l ong . 
( 5 )  Adu l ts are . 70mm . to l .Omm . l ong , hemi spheri cal ly  s haped and 
covered wi th l ong , curl i ng wax threads of "wool ." S i nce the i n sects 
tend  to congregate , the woo l  forms a dense protect i ve cover i ng , mak i ng 
i nfestati ons  more readi ly vi s i bl e . Al l adu l ts are fema l e  and reproduce 
by thelytokus parthenogenes i s, beg i nn i ng wi th ovipos i ti on a few days 
after maturation (Bal ch ,  1952). See F i gure 2. 
Seasonal Chrono logy 
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Metamorphos i s  of the bal s am woo l ly  aphid i s  i nf l uenced by such 
env i ronmental factors as  temperature , mo i sture and l i ght .  Temperature i s  
part i cu l arly cri t i ca l :  under contro l l ed  l aboratory condi tions , neos i stens 
reared from the f i nal  adul t generat ion of the season deve l oped best wi th 
f l uctuati ng temperatures . Progeny of the fol l owi ng spri ng developed wi th 
both  cons tant and f l uctuati ng temperatures and d i sp l ayed a deve l opmental 
variabi l i ty that cou ld  provi de a bas i s  for d i sti nct eco log i ca l  races 
(Atk i ns , 1972). 
Such devel opmental vari ab i l i ty a l l ows the bal sam woo l l y  aphi d to 
i nfest hosts over a wi de range of cl ima t i c  zones and to adj ust  to l ocal  
weather extremes ; a portion of the popul at i on can break dormancy ear ly  if 
condi t i ons  are favorabl e ,  thereby i ncreas i ng the number of generations 
per year .  If early devel opment s hou l d  occur duri ng unfavorabl e condi ti ons , 
the s l ower deve lop i ng portion of the popu l ation can mai nta i n  the i nfesta­
t i on . 
The number of generati ons  per year i s  vari abl e .  Ba l c h  ( 1952) 
found two generati on s  i n  Mari t ime Canada . Even i n  the l es s  extreme c l i ­
mate of North Carol i na ,  the ba l sam wool l y  aph i d  can overwi nter on l y  as  a 
dormant neos i s tens . The heimo s i stens beg i n  to break dormancy i n  mi d­
March , a s  el sewhere , b ut devel opment is  genera l ly faster throughout the 
season and cont i nues i nto the early fal l .  Amman ( 1962) found that three 
(1 . 
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l. Glue bead was placed in each grooved slot, 
the increment core was sandwiched between 
slots and the entire piece was clamped firm 
until dry. 
2. Parallel blades of table saw were used to 
cut cross-sections. 
3. Mounted cross-section of increment core. 
Figure 2. Increw.ent core mounting procedure. 
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and sometimes four generations cou l d  reach maturi ty .  
Intrareg i0nal  vari ati ons  i n  seasona l  b i o l ogy are greatest i n  the 
Pac if i c  Northwest , due to the wi de range of e l evation and differences 
among h0st  spec i es . At the h i gher e l evations , where the bal sam woo l ly  
aph i d  i s  found on  Pac if ic  s i l ver f i r and suba l p i ne f i r ,  on ly  two gener-
at ion s  were observed . At i ntermedi ate el evati ons  there were usua l ly  
three generat ions  annua l l y ,  and woo l ly aphi ds on  grand f i r i n  the l ow­
l and va l l eys can have as many a s  four generations  ( Mitchel l ,  Johnson 
and Rud i nskY ,  1 96 1 ) .  
Vari ations  i n  number of generati ons per year a l so occur wi thi n 
! 
l ocal i zed areas as a resu l t of stand cond i t ions . Insects on open-
grown or stand-edge trees deve l op faster , perhaps by a fu l l month , than 
those on trees i n  the stand i nteri or .  In dense stands  those i n sects 
l ocated near'the base of the tree may have fewer generati ons than those 
h i g her on the s tem because of s l ower devel opment (Mi tchel l ,  et a l . 1 96 1 ) .  
D i spersal  
The pass i ve d i s semi nat ion of i nsects i s  primari ly  determi ned by 
the ava i l ab i l i ty of a mob i l e  stage , p l u s  the d i rection and vel oci ty of 
the w i nd . D i spersal of the bal sam woo l ly  aphid occurs duri ng the egg 
and crawl er stages and i s  ma i n ly  pass i ve .  Once d i s l odged from the tree , 
they can be carri ed more than 300 feet by surface wi nds and several 
mi l es by verti cal  a i r  currents ( Ba l ch , 1 952 ). 
Whether the synchronous d i s persal and arri va l of many aphid 
crawl ers on the host faci l i tates estab l i s hment and surv i va l  i s  un known . 
In  l aboratory experiments , groups of i nsects sett l ed more rap id ly  than 
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i so l ated i nd i v i dual s ( Atk i ns , 1 972 ) .  In the forest ,  adj acent heavi ly 
i nfested and un i nfested trees are common . Si nce the matted wool mas ses  
are protecti ve ,  group s  wou ld  be better abl e to  become estab l i s hed and 
survi ve , at l east up to the poi nt  where overcrowdi ng occurs . Infesta­
t i on spread wou l d  be affected by the number of generat ions per year and 
perhaps a l so by the synchrony of crawl er devel opment and d i spersal , both 
of whi ch are i nf luenced by envi ronmental factors (Atk i ns , 1972 ) .  
Popu l ati on Dynami cs 
Factors that l imi t the d i s tri buti on and abundance of the bal sam 
wool l y  aphi d are vari ed and i ncl ude i ntraspecif i c  ( seasonal devel opment , 
hab i ts and popu l ation  behav i or ) , host characteri sti cs , b i oti c ,  ab i ot i c 
and app l i ed factors .  
Ab i ot i c factors . Mortal i ty due to c l imat ic  factors may be high 
occas i onal l y ,  but i t  does not prov i de an effecti ve l imi t to popu l ati on 
growth ( Bal ch , 1952 ). Of the vari ous c l imat i c factors , wi nter tempera­
tures appear to be parti cu l arly important : the l ethal  mi n i mum tempera­
ture for overwinteri ng neos i stens i s  around -30 F and around 0 F for a l l  
other s tages . Low temperatures duri ng the summer months i ncrease 
i ncubati on t ime .  
H i g h  temperatures appear to have l i tt l e effect on aph i d  surv i val  
except i n  comb i nat i on wi th  l ow rel at i ve humid i ty; dess i cati on is  a fre­
quent cause of mortal i ty on exposed bark areas and duri ng the l ate 
s ummer .  Heavy ra i n s  may mat the wool and l ead to subsequent dess i cati on , 
or  was h  eggs away , but nei ther rai n  nor heavy fog wi l l  "drown" aphi ds . 
Protecti on from the weather i s  afforded by the wool i tsel f , the shade of 
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the tree crown , and by the i nsect•s habi t of congregat i ng on the under­
s i des  of twi gs , branches , mosses and l i chens and i n  bark crevices and 
l enti cel s .  
Bal ch ( 1 952 ) observed that cl imati c factors are i mportant i n  i n ­
f l uenci ng the rate at whi ch the popu l ation reaches outbrea k  proporti ons 
and d i sperses . Wi nter temperatures can produce i rregu l ar ,  peri od i c  
f l uctuat i ons  i n  the popul at ion over l arge areas . However ,  i t  i s  doubt­
ful  that the modera te c l imate and weather cond i ti ons are s i gn i f i cant 
control mechan i sms i n  the Southern Appa l achi ans . 
Appl i ed factors . At present , app l i ed control i s  impracti cal i n  
the forest .  L i ndane i s  effecti ve in  ki l l i ng the bal sam woo l l y  aphi d ,  
but  i t  must be appl i ed unti l run-off occurs al ong the enti re bol e and 
branches . To further compound the d iff i cu l ty of thi s procedure , spray­
i ng must  be done from the ground .  S i l v i cu l tura l  control has  i nvol ved 
comp l ete remova l of the host s pec i es . 
B i oti c factors . S i nce reproduct i on i s  not l imi ted by the 
neces s i ty of mati ng , the b i oti c potenti a l  of the bal sam woo l ly  aphid  i s  
qui te h i g h .  T he average number of eggs l a i d  by one adu l t  of the hei mo­
s i stens generati on i s  100 ,  a l though  as many as  250 have been observed . 
The l es s  fecund aesti vos i stens generations average 50 eggs . Thus the 
potenti a l  annua l mul t ip l i cation approxi mates  a magni tude of 5000, and 
under optimal  envi ronmenta l cond i ti ons , survi val  to the adul t stage i s  
about 60% ( Bal c h , 1 952 ) .  
A greater p roporti on of the wi nter generation surv i ve env i ron­
mental  stresses  than of the summer .  Amman ( 1 970 )  observed that duri ng 
1 1  
the i n i ti a l  peri od of outbreak i n  a stand , i ncreased i nsect popu l at i on 
dens i ty appeared to resul t i n  i ncreased fert i l i ty .  Later there was a 
strong i n verse rel at i on between adul t den s i ty and fert i l i ty ,  probab ly  
due to  competi t ion for  food at peak  den s i t i es . Thus survi val  and repro­
ducti on was bes t  on trees wi th l ess  than extremely  dense popu l at ions of 
aph i d s . 
The bal sam wool ly  aph i d  i s  apparently not bothered by parasi tes 
or di sease , and the reproducti ve potent ia l  i s  so h igh  that predators 
cannot reduce the popul at ions  before the host  trees di e .  Amman ( 1 970 ) 
recorded ten nati ve and one i ntroduced predators i n  North Carol ina , most  
of wh i ch were mi tes  feedi ng on the egg stage . Predators i ntroduced as  
possibl e means of control l i ng aphi d popul ati ons  have e i ther fai l ed to 
become establ i s hed or have otherwi se been i neffecti ve . 
In the absence of other b iot i c factors capab l e  of effecti ve con­
trol , the upper l imi t of the popu l ation must be determi ned by i ntra­
spec if i c  compet i ti on and starvat i on. In the case of the bal sam woo l ly  
aphi d ,  thi s i s  accomp l i shed by severe i njury to the hos t ,  usual ly 
fol l owed by i ts death . Thu s  the host  tree i tself becomes the most s ign i­
fi cant factor i n  determi ni ng l evel s of aph i d  popu l at ion s . Bal ch ( 1952 ) 
recorded the fol l owi ng popu l ation dens i ty sequence on stands of ba l sam 
f i r  i n  Mari t ime Canada : 
( 1 ) Insects become estab l i shed on i nd i vi dual scattered trees 
( often the l arger trees wi th rough bark )  and then spread to nei ghbori ng 
trees . 
( 2 }  The popu l ation i ncreases steadi l y  ( un l ess dep l eted by severe 
wi nter temperatures ) and reaches  a peak when a l arge proport ion of trees 
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wi thi n a stand are heavi ly i nfested . 
( 3 )  Popu l ati ons decl i ne as  suscepti bl e trees are el i mi nated , and 
rema i n  at l ower but conti nual ly  f l uctuati ng l evel s wi th recovery, re­
i nfestat i on and occas i onal  new i nfestati ons occurri ng s imu l taneous ly .  
Characteri st i cs of f ir  stands and i nd i v i dual  trees that are most 
rel evant in the course of an i nfestat ion were a major port i on of thi s 
i nvest igat ion . 
Acti vi ty 
Bal sam wool l y  ap hi ds i n  the crawl er stage are act i ve and usual l y  
move about for severa l  hours before i n sert i ng the i r  styl ets . If su i t­
abl e feedi ng s i tes are ava i l abl e most wi l l  sett l e  near the i r  parent ,  but 
they are capabl e of mov i ng 100 feet or more under the i r  own power ;  they 
can survi ve for at l east  8 days wi thout feed i ng ( Ba l ch , 1952 ) .  Howeve r ,  
l arval mobi l i ty i s  more important for movement o n  the host tree than for 
di spersal . Di stri bution on a gi ven host depends upon ava i l abl e l i ght , 
gravi ty ,  and acces s i bi l i ty of young , tender parenchyma at wounds , l enti ­
cel s and crevi ces , and feedi ng areas stimu l ated by other l arvae . 
The i n i ti a l  l ocus of i nfestat ion by wi nd-transported aphids  woul d  
seem to be a matter of chance primari ly , a l though  Amman {1970 ) observed 
that i t  usua l ly  began near mi d-hei ght. Thi s vari es wi th tree he ight and 
age ; on o l der trees wi th rough bark the i nfestati on starts hi gher i n  the 
tree , but on younger trees i nfestati on usua l ly  beg i n s  at the base . 
Wool ly  aph i ds mi grate both upward and downward after i n i t i a l attack . T he 
sel ect ion of a certa i n  he i ght on the bol e  i s  probably a resu l t of the 
crawl er•s  tendency to settl e in moderate ly  i ntense l i g ht ( Ba l ch , 1952 ) ,  
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but bark thi c kness and texture a l so seem.to be important . I n  any case , 
crawl ers appear capab l e  of l ocat i ng preferred feedi ng s i tes . 
The feedi ng process beg i ns when the styl et i s  i nserted i nter­
cel l u l arly ( aided by a d i s sol v i ng action of the sal i va on the midd l e  
l amel l a ) , pass i ng through the ep i dermi s i nto the corti cal parenchyma . 
Duri ng feedi ng the s tyl et i s  parti a l ly  wi thdrawn and rei nserted severa l 
t imes  i n  new d i rect i ons , whi l e  the i nsect i tse lf  rema i ns stati onary .  
Sal i va f l ows i nto adj oi n i ng ti s sues i n  the tree . Nerves at the base of 
the s tyl et prov i de a tacti l e  sense ; obstruct i ons  can be fel t ,  absence of 
sati sfactory food detected , and rel ocati on of styl ets prompted . Spri ng 
feed i ng usual l y  beg i ns f i rst  on more vigorous trees wi th earl ier  sap 
f l ow ;  i nception of feed i ng may vary among i nd i vidual i n sects on a g i ven 
tree by as much as  20 days ( Bal ch , 1952 ) .  
B .  THE HOST: FRASER F I R 
The genus  Abi es i s  represented i n  eastern North Amerir� by two 
c l osely rel ated spec ies : bal sam f i r  and Fraser f i r .  The l atter was 
once cons i dered a vari ety of bal sam f i r ,  Ab i es bal samea var .  fraseri , 
and there rema i n s  some doubt concern i ng the val i d i ty of i ts recog n i t i on 
a s  a separate taxa on bas i s of d ifferences i n  geographi cal di stribut ion 
and certa i n  morp hol og i cal characteri sti cs ( Thor and Barnett , 1974 ) . 
The range of bal sam f i r extends from Newfoundl and west to Man i toba 
and North Dakota , north i nto the Canadian tundra and south a l ong the 
Appal achi an mounta i n  range i nto Vi rgi n i a .  The i ntermedi ate form known 
as bracted bal sam f i r  ( Abi es  ba l samea var .  p hanero l epi s Fernal d )  i s  
found i n  the mounta i n s  of Vi rg i n i a  and Wes t  Vi rgi n i a .  Fra ser f i r  has a 
l i mi ted , di sj unct di stri buti on i n  the h i ghest peaks of the Southern 
Appal achi ans , growi ng at e l evati ons above 4 ,000 feet f rom Southwestern 
Vi rg i n i a  to Eastern Tennessee and Western North Carol i na .  
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The spruce-f i r  forest type of the Southern Appal ach ians  is 
characteri zed by the domi nance of red spruce ( P i cea rubens Sarg . ) and 
Fraser f i r . Where the two grow together ei ther may be domi nant , depend­
i ng usua l l y  upon stand hi story and s i te characteri sti cs . Al thought f i r  
grows more rapidly , i t  atta i ns a sma l l er s i ze and i s  much s horter-l i ved 
than spruce . At the h ighest e l evations , usua l ly  above 6 ,000 feet , nearly 
pure s tands of Fraser f i r  are found . 
The stem of Fraser f i r i s  composed of a seri es of i nternodes pro­
duced i n  s uccess i ve growing seasons . On heal thy young trees the bark 
surface i s  smooth a l ong i nternodes and roughened at nodes by bark folds . 
Internodal bark surface i s  i nterrupted by l enti cel s ,  needl e sca rs and 
numerous smal l swe l l i ngs or 11 b l i sters 11 whi ch conta i n  cl ear l iqui d res i n .  
Bark f i s sures and scal es  deve l op on the lowest porti on of the stem and 
become more widespread as the tree ages or i s  unthrifty .  Bark o n  mature 
trees i s  sel dom thi c ker than 0 . 3  i nch near the top and 0 . 7  i nch  near the 
stump ( Bryant , 1976 ) .  The stem surface is sometimes covered by mosses 
and/or l i chens ; s i te mo i sture and stand dens i ty seem to i nf l uence the 
abundance of these epiphytes . 
C .  HOST : P EST INTERACTIONS 
The bal sam wool ly aph i d  i s  an obl i gate paras i te on Fraser f i r ,  
obta i n i ng food and s hel ter i n  amounts dependent upon the host • s  capaci ty 
to p rovide them . There is cons i derabl e evi dence that some trees are 
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more favorabl e to the mul ti p l i cation of the i nsect than others . The 
abi l i ty of the wool ly  aphid to become establ i s hed and reproduce i s  
affected by externa l  condi tions of the tree , e . g .  bark characteri sti cs , 
form , s i ze ,  and by feed i ng condi ti ons  wi thi n the bark . Such qual i ti es 
can be i nf l uenced by genet i cs , mod if ied by the env i ronment , and/or re­
l ated to the age , s i ze and phys i ol og i cal  cond i tion of the tree ( Ba l ch ,  
1 952 ) .  
W i th conti nued i nfestati on devel opment ,  host trees d i sp l ay 
characteri sti c reacti on patterns . These hel p to exp l a i n  how the i n sect 
i nj ures  the tree and they al so prov i de an i ndex of the amount of damage 
a l ready s ustai ned . For the purposes of di scuss ion here , tree reacti ons 
have been d i v i ded i nto mi croscop i c  symptoms that concern cel l and t i s sue 
changes , and macroscop ic  symptoms that are read i l y  observed i n  the tree . 
Mi croscop i c  Changes 
Mi croscop i c  ti ssue changes are qu i te s i mi l ar i n  a l l Ab i e s ;  the 
differences exi st ma i n ly  i n  the rate and degree of change . Damage 
deve l ops  from both p hys i ca l  i nj ury by i nserti on of styl ets and al so 
chemi cal ly- i nduced i nj ury produced by sa l i vary secretions .  The l atter 
i s  by far the more important because the secretions ei ther d i rectl y  or 
i nd i rect l y  change the ba l ance of growth hormones and i n hi bi tors i n  the 
host , caus i ng abnormal  development of wood and bark ti ssues ( Ba l ch, 
et a l . ,  1 964 ). Ind i v idual  feed i ng of s uch mi nute i nsects wou l d  hard ly  
i nterfere wi th  normal host funct i on i ng , but  the i r  enormous  capaci ty to 
reprod uce and rapid ly  spread d i sastrous ly  mul tip l i es the effects of the 
bal sam wool ly aphi d .  
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Bal ch ( 1952 ) made the f i rst comprehens ive h i sto l og i cal  stud ies  
of the bal sam woo l ly  aphi d • s feedi ng process and i ts effects on  host 
ti ssue . He observed that the styl ets are i nserted i ntercel l u l arly and 
seldom ,  if ever , penetrate the cel l wal l .  They pass throug h the epi ­
dermi s or phel l em i nto the cortex or phel l oderm and feed i ng takes p l ace 
on ly  i n  the parenchyma . In young s hoots , however ,  the ph l oem i s  some­
times s l i g htly penetrated . The i nsertion of styl ets i s  accompan i ed by 
ej ecti on of a sal i vary substance whi ch occas i onal ly f l ows i nto adj o i n i ng 
i ntercel l u l ar space s .  
A substance contai ned i n  the sal i va ,  o r  produced i n  the corti cal 
t i s sue by act ion of the sal i va ,  d iff uses from the po i nt of i n serti on 
and causes parenchyma cel l s  conti guous to the styl et tracks to i ncrease 
i n  number and s i ze .  Thi s i s  accompan i ed by an en l argement of the nuc l ei  
and thi c ken i ng of ce l l  wa l l s; g i ant cel l s  s ix  or seven t imes l arger than 
normal  are produced . Thi s add i t i onal  vol ume d i srupts phl oem channel s ,  
resu l t i ng  i n  a g i rd l i ng effect . 
By the fol l owi ng season , nei ghbori ng cel l s  prol iferate and form 
a secondary phel l ogen or peri derm surround i ng the pockets of abnormal 
t i s sue . Thi s represents the i n i ti a l stage i n  the wound-heal i ng process . 
European f i rs are abl e to compl ete thi s process  rapi d ly  enough to i sol ate 
affected t i ssues; some North Ameri can f i rs ,  notab ly  whi te f i r  (Abi es 
conco l or Gord . and G l endl . )  and nob l e  f i r  exhi bi t th i s  res i stance whi l e  
others apparently do not . Tree v i gor may cause some d ifferences i n  i nd i ­
v idual  res i stance ( Bryant , 1974 ) . 
The sa l i vary secretion al so affects the xyl em :  cel l d i v i s i on i s  
stimul ated i n  the camb i um ,  resu l t i ng i n  production  of trachei ds wi th 
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thi ckened , i rregul arly shaped cel l wa l l s  and dark , hard ,  bri ttl e cel l u­
l os e .  These trache id s  resembl e those of compres s i on wood : secondary 
wal l s  are marked wi th checks , the number of rays and parenchyma cel l s  
i ncrease , cel l s  are hi ghly l i gnif i ed ,  short , and thi c k-wal l ed wi th a 
sma l l l umen . Thi s abnormal wood i s  ca l l ed "rotho l z" or " redwood11 be­
cause of i ts redd i s h  color ( Doerkson and Mi tchel l ,  1965 ) .  
The react ion of the cambi um i s  dependent upon the v igor of the 
tree and i ntens i ty of i nfestat ion : the greatest amount of abnormal 
wood i s  produced i n  fast-growi ng stems that are moderately  i nfested 
( Bal c h ,  1952 ). Presence of redwood can be usefu l  i n  dat i ng i nfesta tions , 
but i ts absence does not necessari ly  i nd i cate that an  attack  has not 
occurred . I t  i s  on ly  found i n  certa i n  areas of affected wood ; even a 
heavy attack wi l l  not a l ways produce redwood and i t  i s  not uniform 
around a growth ri ng or a l ong the stem vert i ca l l y .  
The bark of trees w i t h  i ncreasing l eve l s  of i nfesta tion have 
h i gher amounts of protei n ,  whi l e  those wi th decl i n i ng aph id  popul ations 
have reduced p rotei n  content .  Aphi d damage apparentl y  mod if i es the bark 
so that a greater proporti on of i nsects can surv i ve per un i t  area of 
bark . Growth rate i nf l uences bark formation and thus may be rel evant 
to aphi d surv i va l : Amman ( 1 970 ) s uggested that the bark of more v i g­
orous trees s hou l d  l og i cal ly  provide the most food for aph ids  and hence 
s upport the l argest  popul at i ons. He proposed that the aphid popu l ati on 
whi ch  trees cou ld  u l ti mate ly  s upport cou ld  perhaps be pred i cted on the 
bas i s of growth rate . 
Death of the host i s  caused by a combi nation of factors : 
( 1 ) Production of abnormal cel l s  and resu l tant i nterference 
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wi th trans l ocati on of f l u ids  through the xyl em .  
( 2 }  Ki l l i ng of the outer ti ssues of the bark by the toxi c effect 
of the sa l i va i n  heavy i nfestat i ons . 
( 3 }  Producti on of secondary per i derm i n  s uff i c i en t  quanti ties  
to i nterfere wi th respi rati on i n  underlyi ng ti s sues ( Ba l ch , 
1952 } .  
�Macroscopic Changes 
Effects of aphid attack  that are outwardly apparent are more 
vari ab l e  among host speci es than microscopi c t i s sue changes .  Infesta­
ti ons are usual ly  c l a ssed as stem attack or crown attac k ,  depend i ng on 
where the aphid popu l at ion i s  concentrated . Greenbank ( 19 70 }  suggested 
that the type of attack i s  i nf l uenced more by cl imate than by speci e s  
characteri st ics : s tem attack i s  more common i n  conti nental c l imati c 
zones and crown attack i s  more common i n  mari t ime zones .  Ei ther or both 
may prevai l i n  trans i ti onal  zone forests . The bracted bal sam f i r  of 
Vi rg i n i a  usual ly  s uffers crown attack ;  stem attack i s  the most  frequent 
on Fraser fi r ,.al though  smal l s uppressed trees and reproducti on can 
deve l op crown gout i ng as aphids drop onto them f rom the overstory 
(Amman and Tal eri co ,  1 967 } .  
Crown i nfestati ons  produce a swe l l i ng at  t he nodes , then a de­
formati on of s hoots and i nternodes fol l owed by down-curl i ng branche s ,  
t ip  i nhi bi ti on and d i e-back .  Appreci ab l e morta l i ty does not occur unt i l 
after 10  to 20 years , and recovery i s  poss i bl e  ( Bryant , 1 9 70 } . 
Stem i nfestat ions  cause death q u i te rap i d l y ,  often w i thi n  a few 
years of i n i ti a l  attack , because of the d i rect trans l ocat i on impa i rmen t .  
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Thi s type of attack i s  evi denced by wool spots on the stem and change 
of fol i age col or f rom the norma l hea l thy green to a faded yel l ow-green ,  
then bri g ht rusty red and f i nal ly  dead-brown . The speed of these 
changes seems to ref l ect the severi ty of attack and/or the tree res i st­
ance . Amman ( 1 970 ) observed the fol l owi ng i nfestat ion pattern , regard­
l es s  of host characteri sti cs : 
( 1 ) i ncreased d i ameter growth at the t ime of i n i ti a l  attack ,  
( 2 )  i ncreased aphi d surv i va l  a s  the bark i s  c hanged by aphi d 
feed i ng ,  
( 3 )  peak aphid popu l at ion , with  aphid survi val  cl osely re-
l ated to tree condi ti on , 
(4 ) decl i ne i n  aphid survi val  and a l so tree growth , 
( 5 )  d i sappearance of aph i ds , and 
(6) death of host . 
Other detrimental effects of i nfestation i ncl ude i ncreased sus­
ceptab i l i ty to Armi l l ar ia  root rot and impa i rment of reproducti ve 
funct ions . Huda k and Wel l s  ( 19 74 )  found that damage caused by wool ly  
aph ids  was the factor primari ly  respon s ib l e  for the h i gh i nc i dence of 
Armi l l ari a root rot i n  aph i d-damaged stands , regard l ess of s i te qual i ty .  
Fedde (1973 )  found that cone production decreased rap id ly  and was re­
stri cted to the upper th i rd of the crown i n  i nfested Fraser f i r  trees . 
I n  add i t i on ,  cones were shorter by 25%, more bri ttl e ,  and l ess  impreg­
nated by gum- l i ke substances . Seeds were sma l l er t han norma l , fre­
quently l acked megagametophyte , and were l i ke ly  to be i nfested by seed 
cha l ci ds . 
I I .  METHODS 
A .  SAMPL ING PROCEDURE 
Sel ecti on of Stand Uni ts 
Col or i nfrared transparenci es coveri ng areas of potent ia l  i nfes­
tat i on were provi ded by the U .  S .  Forest Serv i ce in  cooperat ion wi th the 
Nati onal  Park Serv i ce i n  May , 1 976 . Ana lys i s  wi th magn ifi cat i on and a 
l i g ht tabl e i ncl uded : 
( 1 ) l ocat i on of frame center on 1 : 24000 topograph i c  map to 
determi ne f l i ght l i nes and exact aer ia l  coverage , 
( 2 )  del i neati on of spruce-f i r di stri but ion on the maps, 
( 3 )  l ocat ion of bal sam woo l l y  aphi d i nfestati ons on bas i s  of 
crown col or ,  and 
( 4 )  estimati on of i nfestati on i ntens i ty i n  each affected area . 
The s pruce-f i r forests were grouped i nto 1 1  geograp h i c  un i ts and 
further subd i v i ded i nto 224 "stand uni ts" on bas i s of topography ,  
acces s i bi l i ty ,  and i nfestati on i ntens i ty .  For examp l e ,  there were 26 
stand un i ts in the Mt . LeConte geograp h i c  un i t ,  1 2  un i ts wi th varyi ng 
l evel s of infestation and 1 4  wi th none . Each stand un i t  was numbered 
accord i ng to geograph i c  un i t  and l evel of aphi d i nfestat ion . The i n ­
festat ion cl ass if i cati ons fol l ow :  
I .  Acti ve - f i r dead and dyi ng from apparent ba l sam wool ly  aph i d  
attack .  
A .  L i g ht - sma l l i nfested area o r  scattered affected trees . 
B .  Medi um - wel l devel oped i nfestation wi th some dead trees 
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i n  the center. 
C .  Heavy - severe, wel l devel oped i nfestati on wi th many 
dead trees and a l arge tota l area . 
I I .  Dead - h i g h  f i r morta l i ty wi th no 11 hOt11 trees ( trees just  
begi nn i ng to decl i ne s howed l i ght ye l l ow-green, whi l e  dead 
trees were grey ) .  
A .  Li ght - scattered smal l patches of dead trees, perhaps 
not caused by bal sam woo l ly  aphi d attack . 
B .  Medi um - l arger patches of dead trees . 
C .  Heavy - compl ete mortal i ty over l arge areas . 
I I I .  None - no evi dence of i nfestati on .  
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Samp l e se l ecti on was made from each i nfestati on category in pro­
port i on to the total poss i b l e  number of stand un i ts .  A tota l of 30 
stand un i ts was se l ected at random, wi th a l ternates to accommodate f i e l d 
adj ustments i n  cl ass ificat i on .  Of the sel ected stand uni ts, 1 7  were 
sampl ed duri ng the s ummer of 1 976 ( 1 02 p l ots ) and i t  was subsequently 
dec i ded that the three 11 dead11 stands on  Mt .  Sterl i ng s hou l d be  treated 
separately i n  another study . ( See Tabl e 1 )  
Locat i on of pl ots 
S i x  p l ots were establ i s hed i n  each stand un i t .  Potent i a l p l ot 
s i tes  were l ocated i n  advance on the topograph i c  maps  i n  order to d i s­
tri bute them throughout the un i t  over a representati ve range of s l ope, 
aspect and i nfestat ion i ntens i ty .  These l ocat i ons were sometimes mod i ­
f ied i n  the f i e l d  to avo i d  excess i ve ly  dense rhododendron thi ckets or 
steep terrai n, and  a l so because of occa s i ona l  d i screpancies  between 
UNIT NAME 
Ice Water Spr i ngs  
Mt . Ambl er 
Snake Den 
Tri corner Knob 
Guyot Spur 
Laurel  Top 
Mt . Col l i ns 
B i g  S l i c k  
Forney Ri dge 
Nol an Di v i de 
Mt . LeConte 
Tri 1 1  i urn Gap 
Peck ' s  Corner 
Mt . Sequoyah 
TABLE 1 
INFESTATION RATING AND GEOGRAPHIC  AREA 
OF SAMPL ING UN ITS 
GEOGRAPHIC  AREA INFESTATION 
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(from aeri a l  photos) 
Mt . Kephart Hot - Medi um 
Mt. Kephart None 
Mt . Guyot Hot - Heavy 
Mt . Guyot Hot - Li ght 
Mt . Guyot Hot - Medi um 
Laure l  Top None 
Cl i ngman's Dome Hot - L i ght 
Cl i ngman's Dome Hot - Medi um 
Cl i ngman's Dome None 
Cl i ngman's Dome Hot - L i ght 
Mt. LeConte Hot - Li ght 
Mt . LeConte Hot - Medi um 
Hughes Ri dge Hot - Med i um 
Mt. Sequoyah None 
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aer i a l  p hotography i nterpretat i on and ground reconna i ssance . The actua l 
p l ot l ocations were noted on topograph i c  maps for future reference , and 
four trees i n  each p l ot  were marked permanently  wi th metal tags . 
Descript i on of P l ot Measurements 
After the p l ot center was establ i s hed , ten meters square were 
del i neated us i ng measured north-south and east-west di agonal s .  
Al l fi r trees i n  the p l ot were tagged wi th sequenti a l numbers . 
On a random s ubsamp l e  of three trees , data were taken to descri be : 
( 1 ) i ndi vidual  tree characteri st ics  that mi ght be rel ated to 
aphid attack ,  and 
( 2 )  i ndicati ons  of aphid attack i ntens i ty .  
These data are l i s ted and descri bed be l ow .  In addi ti on to  characteri s­
t i cs of the i nd i v idua l subsampl e trees , data were a l so recorded to des­
cri be the p l ot for s i te qual i ty analys i s .  Thi s i nformat ion i nc l uded 
vegetati on s i te type , s l ope , e l evat i on and aspect; deta i l s  of these data 
a l so fo l l ow bel ow . 
Height . Ba l ch ( 1 952 ) suggested tree he i ght as a poss i bl e  factor 
i n  the susceptabi l i ty of bal sam fi r to ba l sam woo l ly aphid attac k ,  per­
haps because tal l er trees were more l i kely to i ntercept the ai rborne 
eggs and crawl ers . 
Tota l hei ght was mea sured wi th an Abney l evel . 
Di ameter. Bal ch ( 1 952 ) ,  Amman ( 1 970 )  and Greenback ( 1 970 ) 
thought d i ameter was at l east i ndi rectl y  re l evant; Greenback correl ated 
bark characteri sti cs wi th d i ameter .  
A metri c d i ameter tape was used and a l l sampl e trees were measured 
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at breas t  hei g ht .  
Crown c l ass . Shool ey and O l dford ( 1 974 ) , Balch ( 1 952 ) , a nd 
Johnson et a l . ( 1 963 ) attempted to corre l ate crown c l ass  with  aphid  
attack .  S i te and host s pec i e s  vari at ion s  are i mportant i n  these rela­
t i on sh i p s . Crown c l asses were def i ned accord i ng to the Soc i ety of 
Ameri can Foresters ' Forestry Termino logy as  s uppressed , i ntermed i ate, 
codominant and domi nant. 
Bark texture .  I rregu l a ri ti es i n  bark texture pro v i de shelter 
and feed i ng s i tes for the ba l sam wool l y  aph i d  ( Balch , 1 952),  and may 
a l so  ref l ect tree age , v i gc· , and stand den s i ty .  Each tree was p l aced 
into one of four bark textui·e categories  on bas i s of subjective 
i nspect i on, 
, , ) \ .
(2 ) 
( 3 )  
'4' l ) 
very smooth 
some cracks , crevi ces  and other i rregul ariti es, 
more cracks, crevi ces and other i rregul ar it ies, 
Very convol uted, many i rregulari t ies . ·  
See F i gure 1 ,  page 4. 
Bark epiphvte�.: Mos s  anc! l i chen cover  are mor-e a bundant i n  stands 
that are stagnated or  on very moi s t  s i tes  ( Crandal l, 1 957 ) .  Bark 
ep i phytes may protect trees by pro hi  b i ti ng woo l l y  aph i d  feed i ng ;  con­
verse l y ,  aph i ds mi ght  use the epi phytes for protecti on. Previous  stud i es 
have not exam i ned thi s rel at i onship.  
Edch tree was  p l aced i nto one of four bark epi p hyte categori es, 
( 1 ) none - c l ean bole , no  epiphYtes  
(2) sparse ep i p hyte cover 
(3 ) light but uniform o r  fa ir ly  heavy i n  patches 
(4 )  uniformly th i ck moss and l i chen cover 
See F igure 1, page 4. 
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Bark th ickness . S i nce the wool l y  aph i d  s tylet must penetra te 
through the outer bark , bark thi c kness cou l d be rel ated to aph i d  attack. 
Bark th i c kness  was measured d i rectly from the i ncrement core w i th a 
mil l imeter scale . 
Increment cores. Increment cores were needed to determ i ne age 
and growth rate . The cores were taken at breast  hei ght  a l ong north­
south axes ; when pos s i bl e  the enti re d i ameter was sampl ed , but for 
l arger trees b1o cores were obta i ned at 180  degrees . Tll i s  procedure 
prov i ded two p i th-to-bark secti ons of each tree , wh i ch w�re averaged to 
cal cu l ate growth rate . 
I n  preparati on for analys i s, the increment cores were g l ued be­
tween grooved sl�tes of redwood and cut wi th para l le l  saw bl ades to 
produce a s tab l e  mounted cross  section . See F � g ure 2, page 7. 
cores were then exami ned under  an  BOX bi nocu l a r  m i croscope. Total age 
was obta i ned by coun t i ng annua l r i ngs from camb i um to p i th .  Annual  
i ncrement was recorded to the nearest . 01 i nch for each year from 1976 
to 1967, and a lso for  the years 1962 and 1957. 
Aph i d  populati on on bol e .  Indi cations  of aph i d  attack intensity 
were necessari l y  s u bj ect i ve. Est imates of aph i d  popu l at i on were made 
wi th an emphasis  on cons i s tency and guided by the Amman (1969 ) method: 
he u sed an 8 x 8 em. p l astic  gri d p l aced on the tree trun k  at breast 
hei ght  to suppl ement an overa l l subjecti ve appraisa l.  The gri d method 
alone was not suff i c i ent because wool l y  aphids somet imes congregate on 
one s i de or at vari ous l ocati ons a lcng the verti cal ax i s  of the bo le.  
On the bas i s  of overa l l i n specti on and use of the gri d ,  each 
tree in the subsamp l e  was p l aced i nto one of four aph i d  popu l ati on 
categori es , 
( 1 ) none 
( 2 )  l ight - l ess  than four wool mas ses per gr id  square , 
( 3 )  moderate - four masses per gri d  square to 25% covered , or  
(4 ) severe - more than 25% covered wi th wool  masses 
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Crown col or .  Fol i age col or was used as  a sypmtomat i c  cri terion 
for determ i n i ng aph i d  i nfestati on severi ty . Each subsamp l e tree was 
rated accord i ng to the crown co l or categories  
( 1 ) green - no  di scol orat ion of needl es 
( 2 )  l i g ht-fad i ng - yel l owi ng or redden i ng of some need l es 
or branches 
( 3 )  red-dy i ng - bri ght red needl es  throughout the crown 
(4 ) brown-dead - dark  red to brown needl es throughout the 
crown . 
Vegetati on s i te type . Crandal l ( 1 957 ) proposed and descri bed 
vegetati on s i te types based on understory p l ant commun i ti e s for the 
spruce-f i r  forests of the Great Smoky Mountai ns  National  Park . Each 
p l ot was c l ass if i ed accord i ng to her s i te types as  fol l ows : 
( 1 ) Oxal i s - Hyl ocomi um - most common ly  found on north faci ng 
s l opes at the h i g hest e l evati on s .  The forest f l oor i s  
usua l l y  wet wi th s�ep i ng water and the substratum i s  l oose 
s l ate . F i r trees are cl osely spaced and even-aged . 
( 2 )  Oxal i s  - Dryopteri s - usual ly  occurs on moderate s l opes wi th 
greywacke subs tratum . Fi rs are rel atively branchy and 
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di stantly s paced . 
( 3 )  Senec i o  - most common on the dri er southwest or northwest 
faci ng s l opes ; f i rs are usua l ly  of rel at i ve ly  sma l l di ameter. 
( 4 )  Vi burnum - Vacci n i um - Dryopteri s - frequently occurs on the 
l ower port ion of northerl y ,  steep s l opes wi th a bou l dery 
greywacke substratum . 
( 5 )  Rhododendron - f i r trees growi ng through the dense under­
story of rhododendron are re l at i ve ly  l arge , and the soi l i s  
aci di c .  
S l ope . Percent s l ope was measured wi th an Abney l evel . 
Aspect . Compass beari ngs at r ight ang l es to the s l ope were made 
from p l ot center .  
E l evat i on .  Contour l i nes on an 1 : 24000 topograph i c  map were used 
to estimate p l ot e l evat i on .  
Percent i nfestation .  After f i e l d work was comp l eted , an estimate 
of the i nfestati on l evel  i n  each p l ot was ca l cu l ated to use i n  determi n­
i ng the rel at ionsh ip  between i nfes tation and  other s i te characteri sti cs .  
Each f i r tree i n  every p l ot was recorded as 1 1 i nfested11 or  1 Un i nfested11 
on bas is of apparent aph i d  attac k ( e . g . crown col or or presence of 
aphi ds ) . The percent i nfestat i on was a rati o of the number of infested 
trees compared to the tota l number of f i rs i n  the p l ot .  
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B .  DATA ANALYS IS  
Data were ana lyzed on  the I BM Model 360/65 computer u s i ng Stati s­
ti cal  Ana lys i s  Sys tems programs { Barr ,  Goodni ght , Sal l  and Hel wi g , 1 976 ) .  
Conti nuous var iabl e data { bark thi c kness , d i ameter , hei g ht ,  age , growth 
rate , s l ope and el evat ion ) were sorted accord i ng to categori es of aphid 
popu l at i on and crown col or ;  t he means , f requenci es  and vari ance of each 
were cal cu l ated . Aspect and vegetat ion s ite  type were sorted simi l ar ly .  
The Scheffe mul ti p l e  range test { Chew , 1 976 ) was used to  compare means 
for each vari abl e by aphid popu l ati on and crown co l or categor i es . Dif­
ferences between the mean percent i nfestati on for each vegetation s i te 
type and aspect were a l so tested u s i ng the Scheffe procedure .  
Ranked data i nc l uded bark epi phytes , bark texture , crown col or ,  
aphid popu l ati on and crown cl ass . The fol l owi ng pa irs of tree charac­
teri sti cs were analyzed us i ng chi  square conti ngency tests : 
{ 1 )  crown col or X aphid pop u l at i on 
{ 2 )  crown c l ass X aphid popu l at ion 
{ 3 )  crown cl ass  X crown col or 
{ 4 )  bark ep i phytes X aphid popul at i on 
( 5 )  bark ep i p hytes X crown co l or 
{ 6 )  bark texture X aphid popu l ati on 
( 7 )  bark  texture X crown co l or 
The same analyses were done wit h the data grouped by geograph i c  
un i t s .  Thi s was done to prov ide a means of comparing rel at ionshi ps  i n  
areas where the bal sam woo l l y  aphid had been present for different 
l engths of t ime .  
I I  I.  RESULTS 
A .  CROWN COLOR AND APH I D  POPULATI ON 
Resu l ts are summari zed i n  Appendi x ,  Tabl es A-1  - A-8 . 
A s i gn if i cant rel at ionsh i p  was found between crown col or and 
aphid popu l ati on ( chi sq . = 87 . 57 ,  wi th probabi l i ty of greater val ue 
under H0 = 0 . 0001 ) .  Trends were as  fol l ows : 
( 1 ) A majori ty (85 . 7% )  of the trees wi th green crowns was i n ­
fested ; conversely a majori ty { 76 . 3% )  of the un-i nfested 
trees had green crowns . Some of the 11 Un- i nfested11 trees 
were those that had a l ready reached such advanced stages of 
decl i ne that the aphids  were no l onger present .  
( 2 )  Of the trees s upport i ng the heav i est  aphid popu l at i on , 
40% were green and 53% were l i ght-fad i ng .  
( 3 )  L i ght-fad i ng trees usual ly  had i ntermediate l evel s of aphid 
popu l at i on . 
( 4 )  By the t ime trees had reached the l ater stages of decl i ne ,  
the aphid  popu l at ion was reduced : 63 . 2% of the red-dyi ng 
trees and 72 . 4% of the brown-dead trees had no aph ids . 
B .  TREE HE IGHT 
Height  and aphid popu l ation 
Mean hei ght  did  not differ s i gnif i cant ly  among trees hav i ng dif­
ferent l evel s of aph id  popu l ati on on the bol e .  Mean hei ght  was greatest 
( 46 . 9  feet )  for the severe ly  i nfested trees and l east ( 33 . 8  feet ) for 
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those moderately infested.  Trees infested s lig htly or not at a l l were 
of intermediate heig ht .  When the data were grouped by geographic units . 
this  trend was mos t  pronounced in the Mt . Kephart and Clingman ' s  Dome 
areas; e l sewhere heights varied by on ly a few feet . 
Height and crown col or 
The comparison of mean height among the four crown col or categories 
reveal ed significant differences between the fol l owing pairs : 
( 1 ) mean height of green and mean height of brown dead 
( 2 )  mean height of green and mean height of red-dying 
( 3 )  mean height of light-fading and mean height of brown-dead 
( 4 )  mean height of light-fading and mean height of red-dying 
( 5 )  mean height of red-dying and mean height of brown-dead 
Green and light-fading crowns had the same mean height . 
Mean height  was greatest for red-dying trees ( 44 . 8  feet ) and 
l east for the brown-dead ones ( 33 . 7 feet ) . Trees with green or light­
fading foliage were of intermediate height ( 39 . 0  feet ) . 
When the data were grouped by geographic units , these trends were 
most pronounced in the Mt . Kephart and Clingman's Dome areas . 
C. D IAMETER 
Diameter and aphid popul ation 
The Scheffe procedure s howed a significant difference in one of 
the comparisons of mean diameter among the different aphid popul ation 
l evel s :  severe ly  infested and moderatel y  infested . The most  severe ly  
infested trees had the l argest mean diameter ( 1 9 . 7  em . ) , whi l e  those 
moderatel y  infested had the sma l l es t  ( 1 5 . 0 em . ) . When the data were 
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grouped by geographic units , this  trend was most  pronounced in the Cling­
man • s  Dome area .  
Diameter and  crown col or 
The brown-dead trees had the sma l l est  mean diameter ( 1 5.8 em . ) ,  
whi l e  the red-dying ones had the l argest ( 22 . 5  em . ) .  None of the other 
paired comparisons of mean diameter among the c�wn col or categories 
were significant ly  different. Trees with green and light-fading crowns 
were of intermediate diameter .  These trends were most pronounced in the 
Hughes Ridge ,  Clingman • s  Dome and Mt . Kephart areas . 
D .  CROWN CLASS 
Crown cl ass  and aphid popul ation 
No significant rel ationship existed between aphid popu l ation and 
crown c l ass ( chi sq . = 87 . 57 ,  probabi lity of a greater va l ue under H0 = 
0 . 2209 ). The fol l owing trends were observed , however : 
( 1 ) Crown c l ass distribution was fairly even among the un­
infested trees . 
( 2 )  A majority (40% )  of the lightly infested trees were 
intermediates . 
( 3 )  A majority ( 38 . 5% )  of the moderately  infested trees were 
s uppressed . 
( 4 )  Among the severe ly  infested trees , none were suppressed and 
there was an  equal percentage ( 33 . 3% )  of dominants , co­
dominants and intermediates . 
Crown c l ass and crown col or 
The chi square contingency test s howed that the rel ationship 
between crown cl ass and crown co l or was not stati st ica l ly  s i gn i fi cant 
( chi  sq . = 3 . 81 3 ,  probabi l i ty of a greater val ue under H0 = 0 .9866) . 
The fol l owi ng trends were observed , however :  
( 1 )  Crown cl ass di stri buti on was fa i r ly  uni form among trees 
wi th green crowns .  
( 2) Of the trees i n  the most advanced stage of decl i ne ( those 
wi th brown-dead crowns ) , 37 . 9% were suppressed and 1 3 . 8% 
were domi nants . 
E .  AGE 
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Age of the sampl e trees ranged from 1 5  to 166 years ; there was 
no s i gn i fi cant di fference in mean age among trees in the various aphi d 
popu l at i on and crown col or categori es . 
F .  BARK CHARACTERISTI CS 
Bark thi c kness 
Di fferences i n  mean bark thi ckness among trees havi ng di fferent 
l evel s of aph i d  popu l at ion and crown co l or were not s i gn i fi cant . Bark 
thi c kness ranged from l mm .  to 1 4mm . 
Bark texture 
Bark texture had no s i gn i fi cant rel at ionshi p wi th ei ther aph i d 
popu l ati on or crown col or ( respecti vely: chi  sq . = 7 . 70 ,  probabi l i ty 
of greater va l ue under H0 = 0 . 5645 , and chi  sq . = 6 .62 , probabi l i ty of 
g reater va l ue under H0 = 0 .676) . 
Bark epiphytes 
Bark  epi phytes were correl ated wi th both aphi d popu l ati on and 
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crown col or ( respectively : chi sq . = 1 9 . 05 ,  probabi lity of greater 
val ue under H0 = 0 . 0248 , and chi sq . = 21 . 05 ,  probabi lity of greater 
val ue under H0 = 0 . 01 24 ) . The trend was for hig her aphid popu l ation 
where bark epiphyte cover was light to moderate . Aphid damage as indi­
cated by crown col or was heaviest among trees with light epiphyte cover .  
G. GROWTH RATE 
Growth rate and aphid popu l ation 
Growth rates did not differ significantly among trees having 
different l evel s of aphid popu l ation . The fol l owing trends were ob­
served , however : 
( 1 ) I n  1976 , the greatest annual radia l increment was found 
among trees with no aphids ( 0.03 inch/year ) , fol l owed by 
trees with moderate infestations ( 0 . 02 inch/year ) . 
( 2 )  When average growth rate was computed for the past 5 ,  1 0 , 
1 5  and 20 years , the most  rapid growth was found in the 
uninfested trees , whi l e  those with the heaviest popul a­
tions had the s l owest  growth . 
Growth rate and crown col or 
Radial  growth rates among trees having different crown col or 
were not significantly different for any of the time periods computed . 
However , the fol l owing trends were observed : 
( 1 ) Radial growth rates for 1976 were greatest among the lig ht­
fading and green trees ( 0 . 03 inch/year) and l ea st for the 
red-fading and brown-dead ones ( 0 . 02 inch/year ) .  
( 2 )  Radial  growth rates for the l a st  5 ,  1 0 , 1 5  and 20  years were 
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genera l ly  most rap i d  for t he green trees . 
H .  S I TE QUAL I TY I ND I CATORS 
Percent i n festat i on and vegetat i on s ite type 
Compari son of mean percent bal sam woo l ly  aph i d  i n festat i on was 
not s i gn i f i cant ly  di fferent among p l ots  i n  t he vari ous vegetat i on s ite 
types . H i g hest i nfestat i on l evel s were assoc i ated wit h Oxal i s- Dryopteri s 
(mean i nfestat i on 49% ) and Oxa l i s-Hyl ocomi um ( 46% ) . The l owest mean 
percent i nfestat i on ( 24 . 5% )  was found on s ites where Vi burnum-Vacci n i um­
Seneci o  predomi nated . 
Percent i nfestat i on and aspect 
Mean percent i nfestat i on di ffered s i gn i fi cant l y  between p l ots  
faci ng west ( 1 7 . 2% )  and t hose fac i ng sout hwest ( 77 . 7% ). 
Sl ope and ap h i d  popu l at ion 
S l ope ranged from 6% to 79% , but when mean s l ope was computed for 
t he s ites of trees hav i ng di fferent aph i d  popu l at i on l evel s ,  mean s l ope 
d i ffered on ly  s l i g ht ly .  Mean s l ope of heav i ly  i nfested trees was 40. 5% ,  
compared wit h  47 . 8% for t hose wit h moderate i nfestat i ons . 
E l evat i on and aph i d  popul at i on 
E l evat i on ranged from 4840 feet to 6500 feet . Mean s ite e l evat i on 
of t rees hav i ng d i fferent aph i d popu l at i on l evel s di d not di ffer s i gn i fi ­
cant l y :  trees wit h moderat e i nfestat i ons  had a mean e l evat i on of 5646 
feet , whi l e  t hose wit h heavy i n festations  averaged 5534 feet . 
E l evat i on and crown col or 
Trees wit h green crowns had a mean e l evat i on of 5549 feet whi l e  
the l i g ht-fadi ng ones averaged 5656 feet .  These di fferences were not 
s i gn i fi can t .  
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I V . DI SCUSS ION 
A .  APH I D  POPULATION AND CROWN COLOR 
When trees decl i ne under bal sam wool ly aph i d attac k ,  crown co l or 
fi rst becomes l i g ht green with some l eaves or occas i onal ly  ent i re 
branches of fol i age turn i ng yel l ow to red , usua l ly  procedi ng gradual l y 
from t he bottom of t he crown upward . Bri ght red fol i age t hroughout t he 
crown fol l ows and t he fol i age turns  dark reddi s h-brown as t he tree d ies . 
A severe bol e attack can bri ng about t he compl ete co l or change sequence 
i n  a s i ng l e season . 
Trees wit h green crowns can be un i nfested ; there was a t ime l ag 
between aph i d  attack and crown col or change . The most heavi ly  infested 
trees st i l l  had green or l i ght fadi ng crowns . The i nterval between 
i n it i a l i nfestat i on and subsequent col or c hange vari es wit h t he durat i on 
and severity of t he i nfestat i on ,  and t here may a l so be i nd i v i dual di f­
ferences i n  res i stance due to genet i c  or envi ronmental c i rcumstances t hat 
hasten or del ay t he process of decl i ne ( Ba l ch , 19 52) . Crown col or wa s 
t hus  an i ndi cat i on of the amount of accumul ated damage susta i ned by a 
tree . 
By the t i me t he fol i age has turned red throughout t he crown , t he 
aphi d popul at i on was gone . These dy i ng trees were no l onger abl e to per­
form t he normal processes of photosynt hes i s  and trans-l ocat i on and be­
came unsuitabl e hosts . Amman ( 1 9 70) a l so observed t hi s  rel at i onshi p 
between tree condit i on and aphi d  survi va l . 
A pecu l i arity of our system of aph i d  popu l at i on cl as s i fi cat i on 
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was that the categori zed l evel s of aphi d popu l at ion di d not refl ect the 
amount of damage to a tree . A tree wi th no aphi ds may have been hea l thy 
and neve r  i nfested , hav i ng escaped o r  devel oped res i stance , or  i t  may 
have been dead or dyi ng from aphi d attack and thus unabl e to sustai n  a 
popu l at i on . The aphi d popul a ti on  c l as s i fi cation di d ,  however , i nd i cate 
the abi l i ty of a tree to · provi de an envi ronment conduci ve to wool ly  
aph i d  e stabl i s hment ,  surv i va l , and reproducti on . Some trees wi th heavy 
aph i d  popu l at ions  may have been i nfested l onger than others , thu s a l l ow­
i ng add i t i onal t ime for popu l ati ons to bui l d  up ; i n  any case , a l l trees· 
wi th many aphi ds were cons i dered to be good hosts . 
The strong rel atibnsh i p between aph i d  popu l at ion ar d crown col or 
permi ts thei r use ·as compl i mentary i ndi cators of bal sam wt. J l ly aph i d  
i nfes tat i on . 
B .  T REE  S I ZE AND APH I D  I NFESTATION 
Tree s i ze was the most  i mportant factor i n  determi n i ng su i tabi l i ty 
as  a host to the wool ly  aphi d and the amount of damage i t  i s  l i ke ly  to 
s u sta i n . There was a con s i stent re l ati on s h i p  between s i ze character­
i st i cs , e . g .  he i ght , d i ameter ,  and crown cl a s s , and the i nfestati on i n­
di ces of aph i d  popul at i on and crown col or .  S i nce both i ndi ces provi de 
di fferent i nformati on , they wi l l  be cons i dered separately here . 
Aph i d  popu l at ion 
Trees presently support i ng the heavi est  aphi d popul a t i ons were 
the domi nants and co-domi nants wi th t he l a rgest mean he i ght and d i ameter .  
Thi s  rel ati ons h i p  between s i ze and aph i d  popu l at ion was more d i st i nct 
for hei g ht and di ameter than for crown c l a s s , but by defi n i t i on domi nants 
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and co-domi nants  have t he l argest di ameter and hei g ht .  Expl anat i ons for 
t h i s  trend i ncl ude t he fol l owi ng : 
( 1 ) Larger s i ze of t hese trees i ncreased t he probabi l i ty of 
i ntercept i ng a i r-borne aphi ds , t hereby cau s i ng t hem to be t he fi rst i n  
the stand t o  become i nfested . Th i s  addit i onal  t ime coul d permit t he 
deve l opment of popu l at i ons  l arger t han t hose on t he sma l l er trees . 
( 2 )  Vi gorous , l arge trees provi ded a favorabl e hab itat for aph i d  
popu l at i on bui l d-up . 
Bal ch ( 1952 ) and Johnson , et a l . ( 1 963 )  observed t hat i n  newly 
i nfested areas , t he i n sect fi rst became numerous on t he l arger trees . 
Bal ch  a l so found t hat i n  h i s  sampl e ,  the l arger trees were a l so t hose 
with t he most rap i d  growth , and suggested t hat t ree v i gor favors t he 
mult i p l i cat i on of t he i nsect .  After an i nfestat i on had been act i ve for 
severa l years , t he bal sam wool ly  aph i d  became more general ly  di st ri buted 
t hroughout t he stand ,  a lthough t here was st i l l  cons i derabl e vari at i on 
between trees . There was no way to accurate ly  date any of t he infesta­
t i ons  in our samp l e  area , but analyses were grouped i nto geograph i c  units  
on  t he a ssumpt i on t hat stands in  t he same unit had been subj ected to 
aph i d  attack for approximately the same amount of t ime and t hey cou l d  be 
compared wit h stands i n  ot her un it s  that had di fferent durat ions of aph id  
contact . 
The trend for l arge trees to have heavy aph i d  popu l at i ons was 
most pronounced i n  t he Mt . Kephart and Cl i ngman • s  Dome areas . Bot h were 
reg i ons  of re l at i ve ly  recent i nfestat i on ; as t he i nsect s  mu lt i p l i ed and 
spread , most trees were attacked and t he effects  of i nd i v i dual di ffer­
ences such as  he i g ht and di ameter were masked . I n ot her geograph i c 
un i ts , there was no apparent rel ati onsh i p  between s i ze and aphi d 
popul at i on . 
39 
Trees wi th  s l i g ht to moderate i nfestations  were i n  the suppres sed 
and i ntermedi ate crown cl asses wi th  smal l s tem d i ameters . However , 
thi s  trend can prov i de l i ttl e i nformati on about i nfestati on patterns 
s i nce there i s  no way to determi ne whether the po�u l at ion i s  i ncreas-
i ng or decrea s i ng . The most  probab l e expl anation  i s  that i ntermedi ates 
have moderate but i ncreas i ng popu l ations  whi l e  s uppressed trees have 
moderate but decreas i ng popu l ati on s . Thi s  i s  l i kely because crown color 
and tree s i ze compari sons i nd i cated the most advanced decl i ne among the 
sma l l est tree s .  The l argest trees became i nfested fi t·st , and the aph id  
popu l ati on s ,  though comparati vel y l ess  on  the i ntermedi ates , were sti Tl 
i ncrea s i ng .  The smal l ,  suppres sed . trees became i nfested about the same 
t ime as the i n termedi ates , but they s uccumbed rap i dly  after attack .  The 
apni d popu l ati on was decreas i ng i n  these dyi ng trees . Thei r rel ati vely 
l i g ht aph id  popul ati ons  suggest that these sma l l trees may be poor hosts ; 
however , a l a rge popu l ati on wou l d not be necessary to k i l l  a tree that 
i s  a l ready under stre s s . 
Crown col or 
Suppressed trees have suffered the heavi est damage , as  i nd icated 
by crown col or  changes , and were the fi rst to s uccumb to aph i d  attack .  
These trees were appa t·ently l es s  ab l e t o  wi thstand i nsect i nfestation 
because they wera a l ready under stress from competi t i on and \';ere not 
v i gorous enough to res i st by bui l di ng up  secondary peri derm cel l s  whi ch  
protect t he parenchyma . Bryant ( 1974) noted that thi s \tJound-heal i ng 
process  i s  often del ayed because of a reduction  i n  tree v i go r ,  and thi s 
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woul d be more ct iti cal in suppressed trees . 
Red-dyi ng trees had t he l argest he i g ht and di ameter , and t he green 
and l i ght fadi ng trees were i ntermed i ate i n  s i ze .  The l arger trees had 
suffered more severe damage t han t he i ntermedi ates , s i nce t hei r crown 
col or s howed a more advanced stage of dec l i ne .  These trees may have been 
i nfested l onger t han  t he ot hers ; t he i r  greater v i gor permitted them to 
surv i ve l onger t han  ot her trees after attack , but it a l so prov i ded such 
a favorabl e habitat t hat t he aph i d  popul at i on i ncreased rap id ly  and 
eventua l l y  ki l l ed t he tree . Bryant ( 1974 )  observed t hat t he wound­
heal i ng response i s  usua l ly  overcome duri ng a cont i nued heavy attac k .  
The tendency of short t rees t o  b e  t he most heav i ly damaged was 
more pronounced i n  areas of re l at i vely recent i nfestat i on .  The effects  
of  t ree s i ze di fferences and aph i d  preferences were masked a s  damage 
became more widespread i n  t he stands : for i n stance , t he l arger trees 
that were red in recent i nfestat i on s  woul d soon become brown and i n­
crease t he mean s i ze of t he dead group . Th i s  was apparent on Mt . Guyot 
where i n festat i ons  were ol der . I n  a study of ba l sam wool l y  aph id  i n ­
festat i ons  of s i l ver fi r i n  Wash i ngton , John son , et a l . ( 1 963 )  found 
damage most severe on l arger trees ; t h i s  work was done i n  areas where 
t he i nsect had been establ i s hed for some t ime . 
I n  anot her study rel at i ng crown c l ass  to aph i d  damage ,  School ey 
and Ol dford ( 1974 ) found t hat i n  young stands of ba l sam fi r i n  Canada , 
trees i n  t he vari ous crown cl asses had t he same probabi l ity of hav i ng 
aphi d damage , but t hat suppressed trees were most l i kely to recover .  
We found damage heavi est on t he sma l l er trees . However , mortal ity was 
rare i n  young ba l sam fi r stands , and i nfestat i ons  were i n  t he crown 
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i n stead of on t he bol e  as i s  t he case wit h Fraser fi r .  I n  add it i on ,  
t he i r sma l l t rees were growi ng i n  even-aged p l antat i ons , whi l e  i n  our 
study t he sma l l t rees were l i ke ly  to be rel at i ve ly  o l d but growing very 
s l owly  underneat h t he canopy . Thus the di fferences between t he ir  re­
su lts  and ours a re attri butabl e to di fferences i n  host spec i es , stand 
struct ure and perhaps c l i mate . .  
C .  GROWTH RATE AND APHI D  I NFESTATI ON 
Previ ous stud i es have s hown i nter-re l at i onsh ips  between aph i d  
i nfestat i on and  growt h  rate of  t he host trees ; Ba l c h ( 1952 ) and Amman 
( 1970 )  suggested t hat v i gorous , rapi d ly growi ng trees prov i ded t he most 
food for t he woo l ly  aph i ds and t herefore s upported t he l argest popu l a ­
t i ons . Bot h a l so observed a marked i ncrease i n  t he annua l i ncrement · 
during t he fi rst one to two years of i nfestat i on . Accordi ng to Ba l ch ,  
et a l . ( 1 964 ) , maximum st i mu l at i on o f  growth  occurred i n  v i gorous trees 
wit h moderate i n festat i ons ; heavy i nfestat i ons  tended to i n h i bit growt h .  
They s uggested t hat some s ubstance i n  t he aph id  sal i va was toxi c i n  h i gh  
concent rat ions and growth  responses depended upon i nteract i on wit h some 
factor i n  t he t ree t hat vari ed wit h . its v i gor .  As i nfestat i ons  pro­
gressed , t he host ' s  phys i o l og i ca l  processes were impa i red and growt h  
rate s l owed a s  t he tree di ed .  
Aph i d  popu l at i on 
Amman ( 1970 )  found t hat when t he max i mum number of aphi ds ob­
served was compared to growt h  of trees i n  t he year j u st prior  to i n fes­
tat i on ,  t he fastest growi ng trees s upported t he densest aph i d  popul a­
t i on s .  Our study i ndi cated t hat for 1976 , growth rate was most rap i d  
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i n  t he moderately i n fested trees and s l owest i n  t hose heav i ly i nfested . 
The rap i d  growt h  t hat we observed probably refl ected t he growt h  spurt 
assoc i ated wit h i n it i a l  i nfestat i on , whi l e  t he heav i ly  i nfested trees 
had begun to d i e  and t he i r growt h  had s l owed . Si nce we cou l d  not 
accurately date t he i nfestat i ons , t here was no way to determi ne t he re­
l at i on s h i p  between current aph i d  pecu l at i on l evel and growt h  rate prior  
to i nfestat i on .  Average growt h  rates for the past 5 ,  1 0 , 1 5 ,  and 20  
years s howed h igh  vari abi l ity due  to di fferences in  s ite , age , and  crown 
c l ass . I n  add it i on , t he rap id ly  growi ng 1 1 U n i nfested1 1  category comb i ned 
bot h  hea lthy trees and those whi ch  had experi enced the growt h  spurt 
assoc i ated wit h i n it i a l i nfestat i on and t hen decl i ned to ·t he po i nt where 
aph i ds were unabl e to  surv i ve .  The i ncreased growt h  of t he l atter 
during t he i r  i n it i a l peri od of i nfestat i on wou l d  i nf late t he average 
growt h  rate of t he un i nfested t rees . 
Crown col or 
I n  1976 , t rees with the l argest annual  i ncrement had l i ght-fad i ng 
fol i age . Thi s rap i d  growth rate cou l d  be i n  response to aph i d  attack , 
or a resu lt of t ree v i gor ,  or a combi nat i on of t hese two factors . When 
average growth rates were computed for 5 ,  1 0 , 1 5 ,  and 20 years pri or to 
1976 , t he trees whi ch  had suffered t he greatest damage were growi ng re­
l at i ve ly  rap i d l y  duri ng those peri ods .  Th i s  suggests  t hat t he rap i d ly  
growi ng trees became i n fested fi rst , supported t he heav i est aph i d  popu l a ­
t i ons , and experi enced t he growth spurt t hat accompan i ed i n it i a l attac k .  
The growt h  rate di fferences were not stat i st i cal ly  s i gn i ficant . 
Our resu lts  agree wit h Bal ch • s  ( 1 952 ) conc l u s i ons  t hat t he effect of 
aph i d  i nfestat i on on tree growt h  vari es cons i derab ly ,  accord i ng to t he 
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type and degree of i nfestati on that  the res i stance of t he tree and the 
acti on of the other control factors permi t .  
D .  OTHER FACTORS 
Age and bark c haracteri sti cs 
Nei ther of these cha racteri st ics wa s found to i nfl uence aph i d  
popu l ati on l evel s o r  the amount o f  damage sustai ned by a tree . 
Age was not a determi nant characteri sti c for Fra ser fi r ,  as a 
tol erant speci es growi ng i n  uneven-aged stands . Age d i d  not correl ate 
di rectly wi th  s i ze ;  a smal l ,  suppressed tree may be o l der t han a 
domi nan t .  Tree age wou l d  thus have l i tt l e di scernabl e effect o n  wool ly  
aph id  success i n  establ i shment  and  prol i ferat ion . 
Ba l ch ( 1 952 ) found that res i stance by formati on of secondary 
peri derm bel ow affected ti ss ues most  often occurred i n  areas where the 
bark was thi c k .  He noted , however ,  that the abi l i ty o f  the tree to pro­
v i de i tsel f wi th thi s protecti on depended upon i ts v i gor and the port i on 
of the tree that  was heavi ly  i n fested . The bol e  i nfestat i ons  of Fraser 
fi r were genera l l y  more ser ious than the crown i nfestati ons  of the bal sam 
f ir  i n  Bal ch • s study ; thi s may exp l a i n  why we d i d  not fi nd s i g n i f i cant 
d i fferences in  bark th i ckness among the various  aphi d popu l ati on and 
crown col or categori es .  Woo l ly  aphi d  s tyl ets were l ong enough that outer 
bark wi th i n t he norma l range of thi ckness was not an i mportant obstac l e 
to penetrat ion , and total bark thi ckness wa s not a determi n i ng factor .  
Greenbank ( 1970 ) and Amman ( 1970 ) found that i nfestati ons were 
more severe on rough-barked trees than on those wi th smooth bark , and 
s uggested that  crev i ces  and 1 ent ice1 s prov i ded protect i on for the 
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i nsect s .  However , smoot h bark mi g ht afford eas i er access t o  t he tender 
parenchyma . We found no stat i st i ca l ly s i gn if i cant rel at i onsh i p between 
bark texture and aph i d i nfestat i on .  Bark texture wa s a l so rel ated to 
growt h  rate , tree v i gor and stand dens ity ; t he h i g h  vari a bi l ity in our 
samp l e  with respect to t hese factors may have mas ked any s i gn i f i cant 
rel at i onsh i p .  
Bark epi phytes (mosses and l i chens ) can provi de protect i on from 
t he weat her for t he aph ids ; t hey may a l so protect t he tree from aph ids  
a l t hough i nsect s  were somet i mes found beneat h  mos s  and l i c hen cover . 
The mot i l e  l arvae were abl e to crawl between t he bark and ep i p hytes . 
Our resu lts  i nd i cate t hat t he aphi ds were better abl e to  become estab­
l i s hed and surv i ve on trees with a moderate cover of moss  and l i chen : 
t hose wit h no ep i p hytes provi de l itt l e  protect i on and a heavy matt pre­
vent s penetrat i on .  
E .  S I TE QUAL ITY I ND I CATORS 
Previ ous studi es have noted di fferences i n  aph id  damage assoc i ated 
wit h env i ronment , and t hey have found rel at i onsh i p s  between i nfestat i on 
l evel s and  site qual ity . Site characteri st i cs may affect aphid  popu l a ­
t i on s  di rect ly by determi n i ng acces s i bi l ity ( a spect and e l evat i on may be 
important i n  t he d i stri but i on of t he a i r-borne i nsects ) and mi cro­
c l i mate ,  or i nd i rect l y  by i nfl uenci ng t he growth rate and  overa l l  v i gor 
of host tree s .  
Johnson , et a l . ( 1963 ) found t hat aphi d popul at i on s  were usua l ly  
h i g h  on s ites with h i g h  s ite  i ndex for s i l ver fi r ;  understory vegeta­
t ion types were a l so correl ated with s ite  i ndex . Brower ( 1942 ) found 
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that i n  Maine the i nfestati ons on bal sam fi r were most seve·re on those 
trees growi ng on poor s i tes  wi th l ow- lyi ng , poorly dra i ned so i l s . Ba l ch 
( 1952) coul d fi nd no concl u s i ve rel ati onshi p between forest type , s i te 
qual i ty and degree of i nfestat ion or damage on ba l sam fi r i n  eastern 
Canada . Bryant  ( 1 974) reported that damage was more severe on dry 
s i tes than on moi st  s i tes i n  Newfoundl and . 
The most  wi de ly  accepted method of eva luating  s i te qual i ty i s  
standard s i te i ndex , i . e .  the average hei g ht of sampl e  canopy trees at  
a sel ected age . Th i s  method , however ,  i s  des i gned for u se i n  even-aged 
s tands , a cond i t i on not cons i stently found i n  natura l  Fraser fi r forests . 
S i te i ndex curves have not been devel oped for Fraser fi r under any con­
d i t i ons , and i t  i s  un l i kely  that  curves devel oped for bal s am fi r i n  the 
northeast  wou l d  be . va l i d  here . Because a thorough s i te i ndex study 
was beyond the scope of th i s  project , secondary s i te qual i ty i ndi cators 
were u sed : s l ope , e l evati on , aspect and vegetati on s i te type were 
recorded for each p l o t .  
Vegetati on s i te type 
The presence and abundance of p l ant s pec i e s  have been used a s  
i nd i cators o f  s i te qual i ty o n  the as sumpti on that p l ant commun i ti es re­
fl ect the i nteraction  of the vari ous env i ronmental factors that char­
acteri ze a s i te .  The method has a successful h i story i n  Scand i nav i a  
a nd  has been adapted for u se i n  some reg i ons  of  North Ameri ca . S i te 
i ndex i s  determi ned by the standard hei ght/age method for each vegeta­
ti on type , so that the occurrence of tha t  type i n  another area serves 
as a secondary i ndi cator of s i te qua l i ty .  Vegetati on s i te types must 
be fa i rl y  con s i stent , s impl e  and readi l y  i dent i fi abl e ;  spruce-f i r  i s  
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one of the few forest types i n  the Un i ted States where these necessary 
condi t i ons ex i st { Carmean , 1 97 1 } .  
Cranda l l • s  { 1 958 ) vegetat ion s i te types devel oped for the Great 
SmokY Mounta i n s  Nati onal  Park represent on ly  a nomina l  c l a s s i fi cation 
s i nce no attempt has been made to corre l ate them wi th s i te i ndex . The 
cl a ss i fi cat ion of p l ots by vegetation s i te type may be useful i n  i den­
t i fyi ng the envi ronmenta l cond i t i ons  assoc i ated wi th vari ous l evel s of 
bal sam woo l ly  aph i d  i n festat ion . Johnson , et a l . ( 1 963 ) were abl e to 
des i gnate areas of h i g h  aphid  potenti a l  by correl ati ng aphi d popu l at ion 
wi th vegetat ion s i te types , whi c h  were i n  turn rel ated to s i te i ndex .  
S i nce s i te i ndex data were not ava i l abl e for Fraser fi r ,  Johnson • s  
second step was not poss i bl e  here . 
The maj or l imi tati on of the p l ant i nd i cator method , whether used 
descr ipt i vely or as a measure of s i te qual i ty ,  i s  that s i nce i t  was 
devel oped for use i n  fu l ly stocked , undi sturbed stands , i t  i s  not 
total l y  appl i cabl e to seri ously d i s turbed or open stands . I n  some areas 
samp l ed in thi s study , the effects of bal sam woo l l y  aphi d a ttack - e . g .  
i ncreased sun l i g ht , depos i ti on o f  dead needl es and fal l i ng trees , and 
decompos i t ion of organ i c  matter - cou l d  have a l tered the compo s i t i on of 
understory pl ant commun i t i es .  
John son , et a l . { 1 963 ) found that  Oxa l i s  was assoc i ated wi th 
severe i nfestati on areas and Vacc i n i um wi th those hav i ng the l east 
damage . I n  our study ,  the two vegetation s i te types as soc i ated wi th the 
h i g hest percent i nfestation both contai ned Oxal i s  as a maj or component ; 
a sepa rate study on Mt . Sterl i ng s howed that these same types were most  
frequent in  areas where al l the  fi r had been dead for severa l years . I t  
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may be that these s pec i es { Oxal i s ,  Hyl ocomi um ,  and Dryopter i s )  respond 
most  favorably to the open i ng of the canopy , soi l chemi stry changes , or 
other factors assoc i ated wi th heavy aphid  damage . Another poss i bi l i ty 
i s  that  the presence of these s pec ies refl ects a combi nati on of envi ron­
mental cond i t i on s  { e . g .  aspect , mo i sture in  the so i l  and a i r ,  soi l type , 
etc . ) more favorabl e to aph i d  i nfestati on , e i ther affect ing the i nsects 
d i rectly ,  or i nd i rectly through the host tree respons e .  
Determi n i ng the exact rel at ionsh ip  between vegetat i on s i te type 
and aphi d i nfestati on wou l d  requi re further research to analyze the 
succes s i ona l  effects , and these wou l d  certa i n ly have to be cons i dered i n  
a ny attempt to corre l ate vegetati on s i te type wi th more di rect measures 
of s i te qual i ty .  
S l ope , aspect and e l evati on 
Topograph i c  factors may be rel evant to s i te qua l i ty through i n­
fl uence on temperature ,  soi l properti es , water ba l a nce and i n sol ati on . 
Si nce there i s  no di rect measure of s i te qual i ty to use i n  corre l at ion , 
these factors can on ly  be used as  a descri pti ve c l a ss i fi cat ion . 
Stands hav i ng the h i g hest percentage of i nfestati on were found 
on south-fac ing  s l opes ; normal ly  ra i nfal l i n  the spruce-fi r forest i s  
abundant , but duri ng the re l at i ve ly  dry recent summers the southern 
exposed s i tes have been dry .  Si nce the woo l l y  aphi d i mpa i rs the tree • s  
fl u i d  trans l ocati on sys tem , trees on these s i tes may have suffered more 
damage .  
Di fferences between mean s l ope and e l evat i on among the vari ous 
l evel s of aphid popu l ati ons  were not stat i st ica l l y  s i gn i fi cant . Gen­
era l fi e l d  observati ons i nd i cated , however , that e l evat i on may be an 
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i mportant factor i n  the spread of aph id  i nfestat i on . Further research 
i s  bei ng conducted on thi s poss i bi l i ty .  
F .  I NFESTATI ON PATTERNS 
Previ ous research i nvol v i ng di fferent geographi cal l ocal i t i es 
and hos t  s pec ies  i ndi cated that s uscept i bi l i ty ( probabi l i ty of attack )  
and degree o f  i nfestat i on ( sever i ty of attack )  varied among and wi thi n 
stands conta i n i ng fi r trees . Both of these eco l og i ca l  phenomena were 
determi ned prima ri ly  by the di s persa l capaci ty of the i nsect , the 
phys i ol ogi cal  and morpho l og i ca l  characteri st ics  of i nd i v i dual  trees , and 
. the i r  rel at ionshi p to the stand and s i te .  C l i mati c factors are most 
cri t i ca l  in determi n i ng the rate at whi ch the i nsect popu l at ion reaches 
outbreak proporti ons and spreads , as  wel l  as  reg i onal  patterns of d i s­
persal . The u l timate l evel  of the popu l a t i on (and hence the degree of 
i nfestati on and damage )  i s  dependent upon b i ot i c factors , parti cul arly 
those properti es of host  trees rel evant to the i r  su i tabi l i ty a s  food 
and s he l ter for the woo l ly aph i d  ( Ba l ch , 1 952 , and Greenba n k ,  1 970 ) . 
B i ot i c factors of potentia l  i mportance i nvesti gated i n  thi s study i n ­
c l uded characteri sti cs of i nd i v i dual  trees and the s i tes o n  whi ch they 
occurred . On bas i s  of the preced i ng ana lys i s  and i nterpretati on of 
f i e l d research , the fol l owi ng i nferences concern i ng patterns  of i nfes­
tati on in  the Great Smoky Mounta i ns Nat i onal  Park were made . 
As the wi nd-borne ba l sam woo l l y  aphi ds  were transported i n to the 
uneven-s i zed stands of fir typi cal  of the Smok ie s , they were deposi ted 
on trees of various s i ze and spec i e s . They became establ i s hed immedi ­
ate ly  i f  that spot was su i ta bl e ,  or attempted to l ocate a su i tabl e host 
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i n  so far as the i r  l imi ted mobi l i ty permi tted . Large domi nant and co­
domi nant fi rs wou l d  l og i ca l ly  be more l i kely to become i nfested because 
of thei r s i ze and promi nence , but the i n sects cou l d  settl e on trees of 
any s i ze ,  dependi ng upon stand structure , spec i es composi tion , a i r  
current patterns , s l ope , and many other factors . As the wool ly  aph id  
popu l ati on i ncreased on  the trees i n i ti a l l y  i nfested , crawl ers and eggs 
s pread to other trees i n  the stand . 
Smal l ,  suppressed fi rs were probably the fi rst to succumb to 
aphi d atta c k ,  compl et i ng the fol i age co l or sequence of decl i ne and turn­
i ng brown before the l a rger trees . These smal l trees were a l ready under 
stress  from competi ti on and therefore l ess  abl e to wi thstand the add i ­
t i onal  s tress o f  i n sect damage . Trees s howed a marked i ncrease i n  
growth rate as  the aph id  sal i va stimul ated the cambi um ,  but growth 
s l owed and then stopped al together as  the phys i ol og i ca l  processes were 
i mpa i red . 
The l arge r ,  domi nant trees were next i n  s howi ng symptoms of 
decl i ne .  Large trees can genera l ly  undergo a l onger peri od of cont in­
uous  i nfes tat ion before dyi ng ;  thei r greater v i gor has enabl ed them to 
s urv i ve l onger than  the weaker s uppressed trees . Aph i d  popu l at ions  
frequent ly  bui l d  rap i dly on  v i gorous trees , however , and recovery i s  
se l dom poss i bl e .  
Trees of i ntermed iate s i ze may have become i nfested l ater than 
the l arger ones , and been better abl e to wi thstand attack than the 
sma l l er suppressed trees . Thus they wi l l  probab ly  be among the l ast i n  
the stand to succumb to aph id  attac k .  
These patterns were more pronounced i n  ear ly  i nfestat i ons ; a s  the 
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i nsect became wel l establ i s hed and s pread throughout the stand , i n­
d i v i dua l tree characteri st ics  became l es s  important i n  determi n i ng sus­
cepta bi l i ty and the amount of damage susta i ned . Our concl u s i ons  concur 
i n  genera l wi th those of Ba l ch ( 1 952 } and Johnson , et a l . ( 1 963 )  who 
found ( i n  Canada and Wash i ngton , respecti ve ly }  that the l arger fi rs were 
most  susceptabl e to heavy i nfestat i on at the beg i nni ng of an outbreak .  
Further stud i es i n  areas where the date of i n i ti a l  i nfestat ion 
i s  known wou l d be necessary to determine  the rel at ionsh i ps between l evel s  
of i nfestati on and both growth rate and s i te qual i ty .  
V . CONCLUSIONS 
1 .  Some i nd i v i dual  tree characteri st i cs were associ ated wi th d i fferent 
l evel s of aphi d popu l a tion and damage . The most  s ign i f i cant of these 
were hei g ht and d i ameter :  the l argest trees s upported the heav iest 
popu l at ions  of woo l ly  aphi ds , whi l e  the sma l l est trees sustai ned more 
severe and/or rap i d  damage . 
2 .  Fol i age col or was rel ated to the l evel of aphi d popu l at i on .  Trees 
were green to l i ght-fad i ng whi l e  heav i ly  i nfested ; as they s uccumbed 
to attack ,  the aph i d  popul at ion decreased and crown co l or changed to 
red and  f i na l ly brown . 
3 .  There was n o  appa rent rel a ti onshi p between aph id  i nfestat i on and 
ei ther age or bark characteri sti cs . 
4 .  Ann ua l i ncrement for 1 976 s howed that trees i n  the i n i ti a l  stages 
of decl i ne were growi ng rap i dly .  Thi s may have been a resu l t of the 
characteri sti c growth spurt response , or may i nd i cate h i g h  susceptabi l i ty 
of v i gorous trees . 
5 .  Strat i fi cati on of data analys i s  by geographi c un i ts suggests the 
fol l owi ng pattern of i nfes tat ion : l arge ,  domi nant trees become i nfested 
fi rst and may ma i ntai n  heavy aph i d  popu l ations  for severa l years before 
s uccumb i ng .  The smal l er trees may be i nfes ted l ater , but d i e  rel at i vely  
qu i c k ly .  
6 .  Add i t i onal s i te i ndex data and further study are needed to  determi ne 
the rel at ionshi ps between aph i d  i nfestat i on and s i te qual i ty .  
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APPEND IX  
TABLE 3 
APHID  POPULATION LEVELS ON BOLE COMPARED WITH HEIGHT ,  DIAMETER,  CROWN CLASS AND CROWN COLOR 
Standard Standard Standard 
None Error L i ght  Error Moderate Error 
-
Number of Trees 1 73 35 26 
Average DBH (em) 1 7 . 23 0 . 71 8  1 6 . 8  1 .  7 19 1 5 . 0  1 .  790 
Average Hei ght ( ft ) 40 . 00 1 . 405 37 . 4  3 . 467 33 . 8  4 . 068 
Crown Cl ass : a 
% Dominant 1 7 . 3  20 . 0  7 . 7  
% Co-dominant 27 . 7  1 4 . 3  26 .9 
% Intermediate 23. 1 40 . 0  26 .9 
% Suppressed 31 . 2  25 . 7  38 . 5  
Crown Col or :  b 
% Green 76 . 3  28 . 57 23 .08 
% Li ght-fad i ng 4 .62 42 . 86 61 . 54 
.% Red-dyi ng 6 .94 1 4 . 29 7 . 69 
% Brown-dead 1 2 . 1 4  1 4 . 29 7 . 69 
aChi Square = 1 5 . 387 , 1 2  d . f . ; probabi l i ty of greater va l ue under H0 = 0 . 2209 . 
bChi Square = 87 . 57 ,  9 d . f. ; probabi l i ty of greater val ue under H0 = 0 . 0001 . 
Standard 
Heavy Error 
1 5  
19. 7 2 . 298 
46 .9 4 . 300 
33 . 3  
33. 3 
33 . 3  
0 
40 . 00 
53 . 33 
0 




Number of Trees 
Average DBH {em) 
Average Hei ght {ft)  
Crown Cl ass : a 
% Domi nant 
% Co-domi nant 
% Intermediate 
% Suppressed 
Aph i d  Popul ation :
h 
% None 




APHID DAMAGE (CROWN COLOR) LEVELS COMPARED WITH HEIGHT , D IAMETER , 
CROWN CLASS AND APH ID  POPULATION 
Standard L i ght- Standard Red- Standard 
Green Error fadi ng Error dyi ng Error 
1 54 47 1 9  
1 6 . 5  0 . 732 1 7 . 7  1 . 462 22 . 5  2 . 550 
39 . 6  1 .  535 39 . 9  2 . 959 44 . 8  3 . 574 
1 8 . 8  1 7 . 2  1 5 . 8  
26 . 6  29 . 8  26 . 3  
24. 7 27 . 7  31 . 6  
29 . 2  25 . 5  26 . 3  
85 . 71 1 7 . 02 63 . 1 6  
6 . 49 31 . 91 26 . 32 
3 . 90 34 . 04 1 0 . 52 
3 . 90 1 7 . 02 0 
aChi Square = 3 . 81 3 , 1 2  d . f . ; probabi l i ty of greater vanre·· under H0 = . 9866 . 




1 5 . 8  
33 . 7  
Standard 
Error 
1 . 623  
3 . 373 
1 3 . 8  
1 7 . 2  
31 . 0  
37 . 9  
72 . 41 
1 7 . 24 
6 . 90 
3 . 45 
c..T1 co 
TABLE 5 
BARK CHARACTERISTICS (TH ICKNESS AND TEXTURE ) COMPARED WITH CROWN COLOR 
Bark Characteri sti cs 
Mean Bark Thickness (mm) 
Bark Epi phytes : a (No . Trees) 
% . 'None 27 
% Li ght 1 31 
% Moderate 70 
% Heavy 21 











4 . 38 0 . 23  
8 . 44 
48 . 05 
31 . 82 
1 1 . 69 
57 . 1 4  
31 . 1 7  
9 . 09 
2 . 60 
Crown Col or 
l1ght- Standard Red-
fadi ng Error dyi ng 
5 . 1 3  0 . 42 5 . 79 
1 0 . 64 
68 . 09 
1 9 . 1 5  
2 . 1 3  
57. 45 
31 . 91 
6 . 38 
4 . �6 
S tanda rd----srown-
Error dead 
0 . 60 4 . 82 
5 . 26 
52 . 63 
31 . 58 
1 0 . 53 
42 . 1 1  
42 . 1 1  
1 0 . 53 
5 . 26 
aChi Square = 21 . 05 ,  9 d . f . ; probabi l i ty of greater val ue under H0 = 0 . 01 24 .  
bChi Square = 6 . 625 ; 9 d . f. ; probabi l i ty of greater val ue under H0 = 0 . 6761 . 
s-tandard 
Error 
27 . 59 
51 . 72 
20 . 69 
0 
5 1 . 72 
24 . 1 4  
20 . 69 
3 . 45 




BARK CHARACTERIST ICS (TH ICKNESS AND TEXTURE ) COMPARED WITH APH ID POPULATION 
Standard 
A�hid  Po�ul ation 
Bark Standard Standard 
Characteri stics None Error Li ght Error Moderate Error 
Mean Bark Thic kness 
(nm)  4 . 64 0 . 225 4 . 80 0 . 493 4 . 1 9  0 . 5 1 4  
Bark Epi phytes : a No . of Trees 
% None 9 . 83 27 1 1 . 43 7 . 69 
% L i ght 47 . 98 1 31 48 . 57 80 . 77 
% Moderate 32 . 37 70 31 . 43 7 . 69 
% Heavy 9 . 83 21  8 . 57 3 . 85 
Bark Texture : b 
% Smooth 53. 1 8  1 38 57 . 1 4  65 . 38 
% Average- -Smooth 30 . 64 78 31 . 43 34 . 62 
% Average--Rough 1 2 . 72 25 8 . 57 0 
% Rough 3 . 47 8 2 . 86 0 
aChi Square = 1 9 . 05 ,  9 d . f . ; probabi l i ty of greater val ue under H0 = 0 . 0248 . 
bChi Square = 7 . 70 ,  9 d . f . ; probab i l i ty of greater val ue under H0 = 0 . 5645 . 
Heavy 
5 . 73 
26 . 67 
66 . 67 
6 . 67 
0 
60 . 00 
33 . 33 
0 
6 . 67 
Standard 
Error 
0 . 564 
en 0 
TABLE 7 
AGE AND GROWTH RATEa ( X  1 0
+2 ) COMPARED WITH APHID  POPULATION 
Standard 
A�hi d  Po�u1 ation 
Standard Standard Sbmdard 
None Error L i ght Error Moderate Error Heavy Error 
Age 63 2 . 1 735 65 5 . 9743 54 5 .  7 1 59 52 6 . 4097 
Mean , 1 976 i . 01 i n )  2 . 61 84 0 . 1 852 2 . 3333 0 . 2843 2 . 4231 0 . 3097 2 . 071 4 0 . 5078 
Mean , 5 yrs ( . 01 i n )  2 . 9607 1 . 0342 2 . 5091 1. 761 2 2 . 461 5 2 . 0326 2. 1 57 1  2 . 3538 
Mean , 1 0  yrs ( . 01 i n )  3 . 3334 1 . 9900 2 . 6697 3 . 5493 2 . 7923 4 . 0398 2 .  3571 4 . 1 479 
Mean , 1 5  yrs ( . 01 i n )  3 . 6493 2 . 9270 2 .  81 41 4 . 9547 3 . 0872 5 . 731 0 2 . 7 1 90 5 . 81 60 
Mea n ,  20 yrs ( . 01 i n )  4 . 0650 4 . 1 209 3 . 0530 6. 1 81 9  3 . 6865 8 . 2791 3 . 2393 9 . 0652 
-




AGE AND GROWTH RATEa ( X  1 0 i2 ) COMPARED WITH CROWN COLOR 
Crown CQl or 
Standard Li ght- Standard Red- Standard 
Green Error fadi ng Error dyi ng Error 
Age 63 2 . 387 56 4 . 539 65 6 . 543 
Growth Rate : 
Mean ,  1 976 ( .  01 i n )  2 . 5974 0 . 1 966 2 . 6889 0 . 3222 2 . 21 05 0 . 3383 
Mean , 5 yrs ( . 01 i n )  2 . 8844 1 . 1 253 2 . 7067 1 . 61 76 2 . 4737 2 . 1 497 
Mean , 1 0  yrs ( . 01 i n )  3 . 2773 2 . 1 753 2 . 7844 2 . 9963 2 . 7842 4 . 4395 
Mean , 1 5  yrs ( . 01 i n )  3 . 6346 3. 2 1 72 2 . 9437 4 . 1 407 2 . 8526 5 . 8871 
Mean ,  20 yrs ( . 01 i n )  4 . 1 227 4 . 5494 3 . 2600 5 . 0800 2 . 8694 7 . 4488 
No . of  Trees 1 54 45 1 9  




2 .  1 071 
2 .  721 4 
3 . 1 250 
3 . 4333 




4 . 948 
0 . 2738 
1 . 82 1 6 
3 . 6953 
5 . 2000 





S ITE CHARACTER IST I CS COMPARED W ITH - PERCENT I NFESTAT ION 
Number 
Mean % of Standard of 
P lot  Infested Error P l ots 
Vegetat i on S i te T��e 
V i burnum-Vacc i n i um-Senec i o  24 . 75 0 . 7043 30 
Rhododendron 33 . 25 1 .  3470 1 1  
Seneci o  36 . 34 0 . 7688 34 
Vi burnum-Vacci n i um-Dryopteri s 44 . 9 1 0 . 5481 59 
Oxa l i s-Hyl ocomi um 46 . 58 0 . 741 3 39 
Oxal i s- Dryopteri s 49 . 33 0 . 561 2 70 
As�ect 
West 1 7 . 22 0 . 71 31 29 
East 30 . 02 0 . 7660 26 
South 35 . 06 0 . 661 6 38 
Northwest  41 . 41 0 . 671 6 49 
Northeas t  45 . 80 0 .  7233 35 
Southeast  48 . 1 1  0 . 8068 24  
North 56 . 58 0 . 8874 30 
Southwest 7 7 . 74 1 .  0449 1 5  
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